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ANALYS’ 


PROCEEDINGS OF THE SOCIETY | FOR ANALYTICAL CHEMISTRY 


A SPECIAL Meeting of the Society was held at 11 a.m. on Tuesday, September 20th, 1960, in We 
the Lecture Theatre, The Royal Institution, 21 Albemarle Street, London, W.1. — The Chair 
| was taken by Mr. J. G. Sherratt, B.Sc., F. R.L.C., P.A.IL.W.E., Vice-President of the Society. i 

_ The subject of the meeting was “The Chemist and Food Quality” and the following — 
/papers were presented and discussed: “The Food Analyst To-day and Yesterday,” by A. J. 
Amos, B.Sc., Ph.D., F.R.1.C.; “Some Applications of Research to the Study and Control of 
| Consistency in Certain Foods, ” by E. H. Steiner, B.Sc., F.R.1.C.; “Estimation of the Poly- ee 
phenolic Oxidation Products in Tea as an Assessment of Tea Quality— —the Spectrophotometric _ 
Estimation of Theaflavins and Thearubigins in Black Tea Liquors,” by E. A. H. a a 
M.A., D.Phil., and R. F. Smith, B.Sc., F.R.LC.; ; “The Analysis of — arate so 2 


Flavours,” by D. S. Bidmead, AR. 


AN of the Society was held at7 « on Wednesday, October sth, 1960, in 
the meeting room of the Chemical Society, Burlington | House, London, W. The ‘Chair was 
taken by the President, Mr. R. C. Chirnside, F.R.I.C. We 
‘The following papers were presented and discussed : “Paper Chromatography of Some ah: ot 
Organo-tin Compounds,’ ’ by D. J. Williams, B. Sc., and J. W. Price, Ph.D., F.R.LC.; “* ag i 
Procedure for Determining the Molar Extinction Coefficients of Metal Dithizonates, ‘ by 
H. M. N. H. Irving, M.A., D.Phil., D.Sc., F.R.LC., and R. S. Ramakrishna, B.Sc.; “The 
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The sample | is a peroxide fusion; osmium ‘ruthenium 

: are distilled as the volatile tetroxides and subsequently determined absorptio-— and tk 

metrically or gravimetrically. The remaining platinum metals arecomplexed by dis 

with nitrite and the base metals removed by a combination of hydrolysis and % core. 7 

= exchange. After destruction of the nitrite complexes with perchloric — — 

acid, the platinum metals are separated by cellulose chromatography ona SEPAR 

tin, bi 

3 intenc 

tt the method, with results for the seperation of mixtures. ~ 


‘Forma many y years, the analysis of materials the platinum ‘metals involved, 
. at some stage, a smelting operation to concentrate them in a lead button. ~ Subsequent 
‘oo recovery involved scorification and then parting with nitric acid, which dissolved most of 
™ ‘ef palladium and left the remainder of the precious metals as an insoluble residue. __ 
_ A hot sulphuric acid attack on the insoluble portion extracted rhodium together with 
small amounts of the other members of the group. Recovery and determination of the 
_ remaining metals was usually a lengthy and tedious process, almost always resulting in incom- 

_ plete separations that had to be repeated until the pure metals were obtained. sah eee 


Of all the platinum metal separations, that of rhodium from iridium is perhaps the an 
“most difficult, few really selective reagents having been proposed to date* = = fF 


__ The concentration or recovery of the precious metals from low-grade materials is not | 

_ dealt with here, but a rapid and accurate method is described for separating and determining | a 
the individuals from a rich mixture or concentrate, ces | may also contain associated base ft 
metals, ‘such as nickel, copper, bismuth and tin. nicke 
_ The operations involve preliminary distillation of ruthenium and osmium and then J Early 
© separation of the remaining platinum metals as a group from certain base metals by the | by t 
_well known nitrite reaction. Ion exchange and chromatography on cellulose form the basis to be 
of the main separations; spectrophotometric or gravimetric methods are used for the final | V!S°! 
_ Distillation of ruthenium and osmium as the volatile tetroxides is a well established were 
procedure and is conducted either by passing chlorine through an alkaline solution of the 1 mi 
_Tuthenate or osmate or by oxidation with bromate from a weakly acid solution. The latter 7° 


“5 have been published on of the metals de ion 


of a fusion of the in a nickel crucible. of iri 

The chromtographic separation is based on the work of Rees- Evans, Ryan and Wells; form 

4 but has been modified to permit platinum, palladium, rhodium and iridium to be separated rem 
ona single column without the need for a second operation to part iridium and platinum. evap 
os _ The spectrophotometric method used for the final determination of platinum is a modi- 
“fication of the well known stannous chloride reaction, and those for rhodium and palladium § of 4) 

_ depend on the colours of their chloro complexes under suitably standardised conditions. | awa) 
method is also Proposed for the spectrophotometric of small amounts of 


At certain stages of the procedure it is necessary ronfe use os puentiionle acid, and it should be 
emphasised that the conditions of its use must be strictly: followed if accidents are to be 
4 avoided. It is also incumbent upon the operator to ensure that adequate means for disposal 
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on THE SAMPLE ‘AND REMOVAL OF OSMIUM “AND RUTHENTON— 
Most materials rich in platinum metals are attacked by fusion with sodium peroxid 


pes there is usually a considerable amount of silica present, it should be removed by pre-_ 
liminary treatment with hydrofluoric acid, preferably in the nickel crucible subsequently to  __ 
be used for the peroxide fusion. Nickel is substantially 1 resistant to attack by hydrofluoric oh 


og The silica-free residue was fused with sodium peroxide, the melt ex suena! with water, — 
and the extract transferred to a distillation flask. Osmium and ruthenium were then removed - wie 
by distillation described by Schoeller and Powell? 


SEPARATION OF BASE METALS BY HYDROLYTIC PRECIPITATION— od? 
The solution in the flask after distillation of ruthenium and osmium usually contained 
tin, bismuth, lead, nickel, etc., together with large amounts of sodium salts. It was originally a 
intended to remove these by passing the re-acidified solution through a cation-exchange ~ 7 by. 
resin, but it it was found that some of the platinum metals, particularly palladium, were retained ae vise 
_ _ The nitrite treatment precipitated the hydrolysable base metals, and the precipitate 

had to be removed before passing the solution through an ion-exchange column. To avoid cK, : 

the necessity of washing the frequently bulky precipitate, the unfiltered solution was adjusted is 7 
to a suitable volume and half this volume of filtrate was collected. This procedure assumed __ 
that there was a homogeneous distribution of the egg eerenes-clearypeces the solution , 
and precipitate, and i in this was sO. 


Removat, OF SOLUBLE CATIONS ‘BY ION ‘EXCHANGE— 20. ve 


nitrited solution after filtration still contained of sodium and 


nickel, etc.; these were removed by passing the solution through a column of Zeo-Karb 225. _ 
Early attempts with this procedure were unsuccessful owing to the disruption of the column 
by the liberation of free nitrous acid, and it was obvious that excess of nitrite would have © 
to be removed if the ion-exchange stage was to be satisfactory. On the other hand, too on 
vigorous removai of nitrate resulted in partial break-down of the nitro complexes of the 
platinum metals, with consequent retention of palladium | on the column. | These difficulties — ' 
were overcome by making the solution 1 per cent. in acid and boiling for not more than ~ 
1 minute. Subsequent removal of the cations was then satisiactory, and saad meet that | 


CHROMATOGRAPHIC SEPARATION OF THE PLATINUM METALS— 


‘The chromatographic separation of platinum, palladium, iridium and ssintiaieint 
attempted by Rees-Evans, Ryan and Wells’s method,* in which the metals must be in the 
form of their chloro acids. The nitrite complexes of the platinum metals, particularly those - 
of iridium and rhodium, are extremely stable, and attempts to re-convert them to the required _ 
form by evaporation and boiling with hydrochloric acid proved unsuccessful. _ Always there 
remained small amounts of the undecomposed iridium and rhodium complexes, even after 
evaporation to dryness, which resulted in poor separations. It was found, however, that — 
evaporation with perchloric acid completely decomposed the nitro and nitrosyl complexes © i 
of all the platinum metals. In this treatment, the excess of perchloric acid must be fumed 
away, and, unless a certain amount of alkali salt was present, partial reduction to metal i 
occurred. Rees-Evans, Ryan and Wells suggested the use of zinc chloride to prevent reduc- me > 
tion of the chloro complexes, as the presence of sodium chloride was found to be detrimental eae = 
in the This was not successful in the 
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osal _Te-conversion to the chloro acid, and separation was again poor. The difficulty was fina iz 3 
4 | overcome by the use of lithium chloride, as the required stoicheiometric amount of this salt a aoe 


f 
was sm: small. lithium ‘chloride i is soluble in in ketone used separation and j is 
therefore quickly removed from the system. 
__-In the method proposed by Rees-Evans, Ryan and Wells, platinum and iridium were 
a together, with palladium following as a separate fraction and rhodium remaining on 
‘’ column. Elution was conducted under r oxidising conditions with isobutyl methyl ketone 
Berne ene chlorate as the oxidising agent. Subsequently, the iridium and platinum fraction 
was chromatographed again, this time under reducing conditions with stannous chloride to 


| mixtur 
| chloric 


retain iridium at the top of the column while platinum passed through. Recovery of platinum 


_ then required prior volatilisation of the tin as stannic chloride, by oxidation with bromine, 


__-In attempts to speed up the process, it was realised that, if a ‘satisfactory reducing agent 
that did not affect the other platinum metals could be found for iridium, it should be possible 
- to extract first the platinum and then the palladium as before, leaving iridium with the 
rhodium at the top of the column. Subsequent elution under oxidising conditions would 
then remove iridium, leaving only the rhodium. Hence all four elements could be s mpeanted 
in two operations on asinglecolumn, 


to the tervalent state, and its use fulfilled the requirement of reducing iridium in the cold 

_ without effect on the other platinum metals. It is soluble in ssobutyl methyl bahone and 

__-In separations by this combined procedure it was observed that, with certain proportions 
_ of platinum and palladium, e.g., when one was greatly in excess of the other, incomplete 

4 separations were obtained, although partition on the column appeared to be perfectly satis- 

_ factory. Usually, under these extreme conditions, the palladium retained a small amount 
of in the bivalent state. ane th the palla 


TREATMENT OF THE INDIVIDUAL FRACTIONS— 


7 _ Evaporation of the first fractions to remove the ketone proved a somewhat dl 
operation. — . Traces of residual perchloric acid extracted in the early stages found their way 
into the platinum fraction, and to a lesser extent into the palladium fraction, and caused 
severe polymerisation of the ketone with the formation of black resinous substances. _ Apart 
from the difficulty of completing the evaporation in the presence of these products, spontaneous 
explosions usually occurred with consequent loss of the sample. Attempts to overcome 
these undesirable characteristics led to the use of lithium carbonate for neutralising the acid 
‘Present in the ketone. Addition of an excess of this reagent before the evaporation was 
begun resulted in a clean residue, substantially free from obnoxious organic matter. The 
‘Presence of lithium salts was of no consequence during subsequent operations. 
_ After removing the ketone and treating the residues with nitric and perchloric acids, 


_ DETERMINATION OF THE INDIVIDUAL PLATINUM be 
aed The methods used for : determining individual platinum metals depended on the amount 
involved. If less than 10 mg were present, osmium, ruthenium and iridium were determined 
2 __spectrophotometialy amounts greater than this were determined gravimetrically. Any 
a a amount of platinum, palladium or rhodium was satisfactorily determined d spectrophotometri- 
- Osmium—The thiourea method for determining small amounts of osmium was quite 

, satisfactory when applied directly to the solution obtained from the distillation. The pin 
:- colour developed rapidly at 75° C and was quite stable, but temperatures in excess of this 
were avoided to prevent the decomposition of thiourea. with consequent precipitation of 
sulphur. _ The absorption curve for the complex is shown in Fig. 1; it can be seen that there 
is a suitable peak for measurement at 4800 a. 
id Larger amounts of osmium were determined gravimetrically by precipitation as hydrated 
osmium dioxide and subsequent reduction to metal under cover of hydrogen. _ 


_ _ Iridium—Small amounts of iridium were determined spectrophotometrically by measur- 
- ing the the onee in absorption between the oxidised and reduced fc forms © of the ee acid. 
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Early attempts at a method meine on this procedure | failed, since it was difficult to ensure 
the complete and reproducible oxidation of thiselement. 
Thus it was found that if a 5 per cent. iridium - platinum alloy was dissolved i in various — is 


chloric acid several times, the resulting solutions after oxidation with chlorine water produced — f 
absorption curves with characteristics dependent upon the ratio of the two acids used for 
the dissolution. The curves for mixtures varying from (3 + 1) to (1 + 3) hydrochloric .. 
| nitric acid are shown in Fig. 2. The number of intermediate evaporations had no influence — 
on the final shape of the curves and it was concluded that, during the dissolution process, . 

nitro or nitrosyl iridium complexes were formed that were e not subsequently broken down | 


ol_ 
5000 


“Fig. 2 2. "Absorption curves for iridium in hydrochloric - nitri 


mixtures: (a) 3+1; 2+1; (c) (d) 1 (e) 


vigorous treatment with this acid was tried, followed by re-conversion to the pve acid ES 
and oxidation with chlorine water; reproducible results were then obtained. Further work — 
showed that the chlorine water had to be freshly prepared and/or of consistent strength. ae 
As the latter condition was not easy to fulfil, the difficulty was overcome by the inclusion a 


hydrated dioxide | from a acid solution with bromate as 
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gave an filterable product free from the usual peptisation with this 


_ To prevent deflagration during ignition, paper and precipitate were washed with 
dilute ammonium chloride solution, it 
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3 Absorption curve of with stannous chloride 
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Absorption curve of ruthenium - thiourea complex 
 Platinum—The well stannous chloride for was 
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“applied to determining this element after separation from other members of the group. The} a 


_ best a2 hae was obtained when the reaction was carried out in diluted hydrochloric 
acid (1 + 1); under these conditions the absorption curve exhibited a peak at 4030 a. At 
this wavelength and under the conditions described, the absorption was unaffected by 
Variations in temperature between normal working limits. In. the absence of interfering 
elements, however, the re at 4030 a is three times that at 3550 a (see Fig. 3) and 
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this fact can be as a on of the separation, since the 
presence of any interfering element (including any undesirable base metals) causes a dis- _ 
proportionately high reading at 3550 A with consequent alteration of the ratio. ae 


4 _ Ruthenium—Small amounts of ruthenium were determined by the well known thiourea _ 
reaction, but, when the method was applied to the solution from a bromate distillation, a ; 
results were unreliable owing to the presence of bromide. This Gey wes overcome ~ as 
by evaporating the solution to fumes with sulphuric acid to 1 remove all halogens. 


| The presence of sulphuric acid was unimportant, but it was necessary to re- -convert 


the ruthenium to the chloro complex by boiling with dilute hydrochloric acid before applying a 
the test. The colour was developed in dilute hydrochloric acid (1 + 2), with heating to _ 
speed the reaction, but sulphur was precipitated if the solution was heated at too high ge 
temperature for an excessive time; heating at 50° C for nietane minutes gave entirely satisfactory oer 


_ The absorption curve is shown in . 


Rhodium—The | spectrophotometric determination of rhodium has been the itn of 

a considerable amount of work in these laboratories; it has been established that a high 

degree of accuracy may be obtained by measuring the the absorption of the wicaas acid at 5150 4 


der suitable conditions (see Fig. 5). 
er Sut al e€ condi 10nS see all OY 
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of by OH to form intermediates of the type I 
H,[RhCl,(OH),], etc. , to an equilibrium (according to the amount of free. acid) between ALE 
: H,[RhCl,] and a form of thodium chloride in which the rhodium exists in the cationic state. ies AE 
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—— Concentration of of hydrochloric a acid, per cent. by v volume is ade 


_ Fig. 6. Absorption curve of hexachlororhodic™! acid in pane 
various concentrations of hydrochloric 


_— . cation-exchange resin, the amount i increasing with decreasing acid concentration. Attempts 

_ to discover the minimum acid concentration required to prevent instability resulted in the — 

a shown in Fig. 6. It will be seen that little further increase in absorption at 5150 i] 

occurs beyond 50 per cent. v/v hydrochloric acid. Conveniently, diluted hydrochloric acid — 

4a + 1) is very near to constant-boiling concentration, thus it is necessary only to boil the ~ 

solution with a my excess of acid for sufficient time ‘as reach equilibrium. ae 
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Navelength, 
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Palladiwm—Palladium we 
absorption curve of which exhibits a amr at 4700 A (see Fig. 7). te - 0 be certain that somiiet J 
were reproducible, boiling with diluted hydrochloric acid (1 + 1) was carried out as with - 
the rhodium. There was a marked temperature coefficient, but, as a standard was usually 
-frun at the same time as the assay, this was of no consequence, provided the solutions were — 
set aside for a short time before the absorption. 


GRAVIMETRIC ‘RECOVERY ™ INDIVIDUAL METALS— ws 


i 


i 


Ad 


distillation 


Ton- column is made by joining a of Pyrex-glass 
_ | (14 inches x 1} inches) to the cut-off top and bottom portions of a standard Quickfit & _ 
| Quartz CR/32/20 chromatograph column (see Fig. 9). It is filled with Zeo-Karb 225 and 


| prepared by acid | washing, etc., in the usual manner. pie 


Cellulose column—A. standard Quickfit & | Quartz CR/32/40 ogee Le with a 
reservoir and adapter. _ Preparation of the column is described below 
Spectrophotometer—b Unicam SP500 ‘spectrophotometer an nd 
Sodium bromate solution, 10 per cent. w/v. bert 
Ethanolic sodium hydroxide solution—A 10 per cent. of f sodium hydroxide in 
Perchloric acid, 60 per cent.—Analytical-reagent grade. tha? ri 


— 
fe. 
metric recovery of the individual metals if required; suitable procedures are described below. _ fee. — oe 
wy] Ruthenium distillation train—This consists of a 500-ml distillation flask with dropping ee — 
Tfunnel, four 250-ml receivers and a Drechsel bottle. Connectior uickfit 
— 
4 
Met 


Sodium pellets — Analytica reagent grade. receiv 
‘Sodium hydrogen carbonate, pure. to ovum while 
- Acid solvent—isoButyl methyl ketone plus 2 per cent. v/v of hydrochloric acid. Bt distill 
Reducing solvent—Acid solvent plus 0-05 per cent. of hydroquinone ors: te forthe 
Oxidising solvent—Freshly prepared (see p. 709). mote til tor shige § 
Sodium chlorate, pure, and a 2 per cent. w/v solution, = 
Stannous chloride solution, 20 per cent. w/v in diluted 4). 


Chlorine water—Freshly prepared as required. 


Lithium carbonate, pure. 
Lithium chloride solution, 10 per cent. w/v. 
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. a Dissolution of sample—Weigh the crushed sample (containing not more than 250 mg 
of platinum metals) into a nickel crucible, and moisten with a few drops of water. Introduce 
about 5 ml of hydrofluoric acid, and evaporate the mixture to dryness. Heat the crucible 
gently, and raise the temperature slowly to bright red heat (under cover of hydrogen if osmium of fil 
_ is to be determined), taking care to avoid loss by spitting, = 
When cool, add 10g of sodium peroxide, and mix the sample intimately with the aid 
of a glass rod. Heat the crucible slowly until the contents sinter, maintain in this state 
for 30 minutes, and then raise the temperature to bright red heat, swirling the melt to ensure 
complete attack. Avoid prolonged heating at this temperature to minimise attack on 7" 
be __ Set ‘the crucible aside to cool, and then place it in a 400-ml beaker, and just cover oa y 
_ water. When the violent reaction has subsided, rinse the cover and sides of the beaker, * 
-‘Temove the crucible with a pair of forceps, wash it inside and out, clean the surface withf Rege 
a _rubber-tipped glass rod, and wash again. | with 
Transfer the contents of the beaker, with washings, to the ruthenium distillation flask solut 
d and connect the flask to the train. Place 150 ml of diluted hydrochloric acid (1 + 1) in each abot 
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receiver and 150 ml of. ethanolic sodium hydroxide solution i in ‘the ‘Drech 
while, place 20 ml of hydrochloric acid in the nickel crucible, and heat to dissolve any particles Ang 
adhering to the surface. With a suction pump, draw a slow current of air through the 
distillation train, and transfer the acid to the distillation flask. Rinse the crucible —_ a 


further 15 ml of acid, ak add the Tinsings to the contents of the flask. ae Pins as 
Distillation of osmium and -ruthenium—Heat the flask slowly, ; boil the contents 
gently for about 10 minutes, maintaining a steady flow of air through the train. Add 10ml — 
of 20 per cent. w/v sodium chlorate solution a few drops at a time, and then 35 ml of 10 per 
s cent. w/v sodium bromate in 5-ml portions at intervals of about 2 minutes. Boil the solution 
s continuously while the additions are made and then for a further 30 minutes to complete ; 
the volatilisation of osmium and ruthenium. 
- Some 15 minutes before the end of the distillation, heat the contents of the first receiver 
to boiling to reduce most of the ruthenium to the tervalent state. Any ruthenium still 
unreduced, together with osmium and oxides of chlorine, etc., will then pass into the second 4 
receiver. Heat the contents of this in turn and so on until the osmium and other volatile oe 
products are finally absorbed in the ethanolic sodium hydroxide solution. Most of the a 
ruthenium will be in the first receiver, a little in the second and only a trace in the third. es 
_ Combine the distillates containing the ruthenium in a 1000-ml beaker, evaporate to 
small volume, transfer to a 150-ml beaker, and again evaporate to small volume, but not — e 
to dryness. Set the solution aside for subsequent determination of ruthenium, as described ae ved 
__ Transfer the solution containing f the a osmium to a beaker, and set aside for the deter- a | 
distillation to a 600-ml beaker; rinse the dropping funnel and flask with 50 ml of hydrochloric | 
acid, and cautiously add the rinsings to the main solution. Rinse the funnel and flask with 
hot water, cover the beaker, and boil the solution vigorously to reduce the volume to about 
100 ml, taking care to remove the beaker before crystallisation of the salts causes severe _ 
bumping. Transfer the beaker to a low-heat hot-plate, and continue the evaporation un on 
the contents are a almost dry. On no no account allow the salts bake. Te 


Nitrite the salts in about 150 ml of water, boil for 5 
then dilute to abcut 400 ml with hot water. To the boiling solution, add solid coin * 
nitrite a little at a time until the pH changes to 7 (measured with Johnson’s test paper), 

and then, after another small addition of nitrite, boil for a further 5 minutes. When cool a aa 
transfer the solution and precipitate to a 500-ml calibrated flask, and make up » to the mark — 


Mix the contents of the flask ; well, an and filter through a Whatman No No. 40. flter-pa -paper, 
rejecting the first few millilitres of filtrate. Collect 250 ml of filtrate in a dry cibenel 

flask, and set aside; then continue the filtration, and allow the filter-paper and precipitate to 

drain. Wash the precipitate once with cold water, and discard the remaining filtrate. _ if 

_ Transfer the filter-paper and precipitate to a 400-ml beaker, add 2 ml of hydrochloric 


acid and 20 ml of water, and bring to the boil. Boil for 5 minutes, dilute to about 100 ml, 
and repeat the nitrite treatment as before. When cool, transfer the solution, precipitate 
and filter-paper to a 200-ml calibrated flask, and filter as before, but this time collect 100 ml _ 
of filtrate. Discard the remaining filtrate and precipitate. Any gold in the sample 
Transfer the two filtrates (which now represent one half « of the original | sample) to a zs 
600-ml beaker, and rinse the flasks with distilled water. Add 4ml of hydrochloric acid, 
and heat the solution to boiling. Boil for not more than 1 minute to remove excess of 
nitrous fumes, then cool as rapidly | as me. and adjust the pH to so with sodium — 
noval of base metals by ion melita ion- -exchange column is shown in Fig. 9. 
‘with equities the resin (Zeo-Karb 225) with diluted hydrochloric acid (1 + 1), and then elute 
with water until the effluent is neutral. Place the reservoir in position, and fill with the > 
solution of nitrited platinum metals. Pass the solution through the column at the rate of — 
about 1 drop per second, re- Teservoir as necessary. all the solution has 
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‘ia transferred, rinse the beaker two or three times, and add the washings likewise. Im- 
_ mediately before the last few millilitres of solution become absorbed, rinse the reservoir with 
about 20 ml of water, and allow this to pass through. Repeat with ‘several successive 20-ml 
portions, fill the with water, and continue the the effluent is neutral. 
‘Treatment of ion- n-exchange ve effluent—Evaporate the effluent (now 1 free from sodium nickel, 
“Tithium chloride solution, and continue the evaporation to ‘dryness. _ Moisten the residue 
with a few drops of water, add 10 ml of perchloric acid, and evaporate until copious fumes 
are evolved. Continue heating until all the free perchloric acid has been expelled, and then 
set aside to cool. Rinse the sides of the beaker with the minimum amount of water, and 
. 4 evaporate again until evolution of fumes ceases completely, 


___ Treat the cooled residue with 5 ml of diluted hydrochloric acid (1 + 1), and evaporate 
to dryness. Repeat this treatment at least six times (up to ten times for materials very rich 
in iridium). Dissolve the residue in 20 ml of concentrated hydrochloric acid, and bring to 

the boil in a covered beaker. Continue boiling until the volume has been reduced to about 
ml, remove the cover, and evaporate gently toabout2ml. 
It is most important not to allow the contents of the beaker to solidify at this stage, 

F or the final treatment with 20 ml of hydrochloric acid will have to be repeated. If, however, 

_ the residual liquor tends to crystallise on cooling, add the absolute minimum of hydrochloric 


a Prepare a quantity of acid solvent by adding 20 ml of hydrochloric acid to 1 litre 

cy of isobutyl methyl ketone. Take 200 ml of this acid solvent, and add Whatman standard- 
_ grade cellulose powder until a thin slurry is formed. Pour the mixture into the column 
se in the usual manner, adding sufficient to form a bed of cellulose about 35cm deep. 
- Allow ° drain, n, leaving about la cm of solvent over the cellulose, and then set aside until 


_ Add to the cold solution of platinum metals a small amount of solid hydroquinone and 
; then 10 ml of reducing solvent. Stir vigorously until the iridium has been reduced, adding 
more solid hydroquinone if necessary, 
_ Begin the column separation by opening the tap fully. Immediately the solvent has 
drained, introduce the first extract by careful decantation, avoiding transfer of any of the 
aqueous phase. Repeat the extraction with a further 10 ml of reducing solvent, and, as soon 
’ as the first extract has been absorbed, transfer in the same way. Continue the extractions 
_in this manner, with 10 ml of reducing solvent at a time, and avoiding transfer of the aqueous 
phase. It i is most important that the column should not be allowed to drain at any time to 
4 ; such an extent that air is introduced between the column wall and the cellulose. ae owt 


a following somewhat more slowly. However, the platinum fraction should be collected as 
‘ soon as the extractions are begun, as an almost invisible platinum band moves ahead of the 


- column, make a final extract from the beaker with acid solvent not containing hydroquinone, 
_ then place the reservoir in position, fill with reducing solvent, and continue the elution once 


When the main platinum band has reached the lower end of the column, a gap of some 
nches should have appeared between it and the following palladium band. Continue to 
collect the platinum fraction until just before the palladium starts to come through. 
__ At this point, change the receiver, and collect the palladium fraction in the same way, 
replenishing the reservoir with reducing solvent as necessary. Immediately the last of the 
palladium comes through, remove the reservoir, and elute with two or three successive portions 

7 of acid solvent (non-reducing) to remove the hydroquinone and render the ensuing oxidation 
treatment fully effective. The column is then ay for the second | stage, and mea meanwhile 
os Iridium is extracted by elution with an ay solvent. Prepare this solvent freshly 


etc.) to small volume, and then transfer to a 250-ml beaker; add 2 ml of 10 per cent. w wt 


« hromatogra phic separation—The cellulose column should be freshly prepared as described |<. 


main one and may otherwise be lost, 
__ As soon as it is evident that all the palladium has been extracted. and transferred to the 


again. Meanwhile, set aside the beaker containing the iridium and rhodium. 
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“Take 100 sal of acid add 2 acid and then 4g of sodiur 
chlorate. _ Stir thoroughly until the solution becomes cloudy, add 10g of cellulose 
_ powder, and macerate. _ Decant the clear liquor into another my and dil 560ml 


of this to 250 ml with acid solvent yas 


‘the dark-brown band i is well clear of the pink rhodium band (spite 
care in avoiding transfer of "the aqueous phase, a small amount of rhodium usually finds Y 
its way on to the column), place the reservoir in position, and continue eluting with acid 
solvent containing a little of the oxidising solvent. When it is certain that all the iridium — 

has been collected, dilute the residual rhodium phase with a little water, remove the reservoir, ‘ 


these washings have almost been absorbed, fill the reservoir with water and continue aie. g 


When the pink band has reached rasan: to the lower end of the cellulose, collect ‘the thodium is 


‘Treatment of individual fractions—To the platinum and palladiam fractions add 1 g g of 
lithium carbonate for each 100 ml of ketone. To the iridium and rhodium fractions add 
5 ml of 10 per cent. w/v lithium chloride solution. . Evaporate the respective fractions — 
gentle boiling on an electric hot-plate in a well ventilated fume cupboard. Continue the & Die 
evaporation to dryness, but avoid overheating the residue beyond the point necessary onal 
When cool, add 10 ml of water to each, and then 50 ml of nitric acid. Cover the beakers - 
and heat gently. When the first vigorous reaction has subsided, bring the solutions to the Bi 
boil, and continue boiling until brown fumes are no longer evolved, adding more nitric — a 
if required. Then add 25 ml of perchloric acid, boil until most of the nitric acid has been ¢ 
expelled, remove the covers, and evaporate the solutions until fumes are evolved. — Continue — 
fuming until the volume has been reduced to about 5 ml for iridium or until the salts ‘so fll 
_to crystallise for the other metals. Set aside the iridium fraction for subsequent deter- 
‘mination (see p. 710). Add 50 ml of diluted hydrochloric acid (1 + 1) to the others; heat 


“the solutions to boiling to re-convert the metals to the chloro complexes, and treat the rhodium a ‘ 

and the platinum and palladium fractions as described below. igs 


Rhodium fraction—Boil the rhodium fraction for at least 1 hour, adding more 


diluted hydrochloric acid (1 + 1) as necessary to maintain the volume. Finally, add 
> 2 or 3 ml of chlorine water, boil for a further minute or so, cool, and accurately dilute he 
to a suitable volume with diluted hydrochloric acid (1 + 1) for the absorptiometric ory: 
determination. (Approximately 1 15 mg of thodium ‘per li 100 mli isas suitable concentration.) 


Platinum and palladium fractions—Evaporate the platinem and palladinn fractions 
3 about 20 ml, cool, and dilute to about 250 ml with cold water. Add a5 percent. — 
_ solution of sodium dimethylglyoximate to each fraction to precipitate the palladium, 
and set aside for 30 minutes. Dt Die 
__ Filter the platinum fraction, containing little or no palladium, through a Whatman 
No. 40 filter-paper, rinse the beaker several times with cold water and the paper once 
or twice, filter the palladium fraction through the same paper, and combine the filtrates. a 
Place the paper and precipitate in a 400-ml beaker, add 20 ml of nitric acid and te 
= ml of perchloric acid, and heat the solution strongly until brown fumes are no longer = 
evolved. _ Evaporate the solution until fumes of perchloric acid are evolved, and continue ~ 
"fuming until about 2 ml of acid remain. Finally, re-convert ere Fe to the chloride 
by boiling for a few minutes with diluted hydrochloric acid (1 + 1), and adjust to a 
a suitable volume with the same acid (10 mg per 100 ml) for absorptiometric determination. & 


is in excess of platinum, the respective solutions being adjusted to Sunes — oneal the — 
initial re-conversion to their chloro complexes, 
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ones: ‘THE SEPARATION AND DETERMINATION 
DETERMINATION OF T THE INDIVIDUAL 
= Osmium—It the amount of osmium present is more than about 10 mg, adele it 
the hydrated dioxide, and determine it gravimetrically? = | 
ie Determine amounts ‘of osmium less than 10 mg absorptiometrically as di described below. \ 
— euntdrtgalg Boil the , alkaline osmate solution from the distillation to expel most of the e ethanol, 
cool, and make up to a suitable volume from which an aliquot representing ime off 
‘Transfer the aliquot to a 100-ml calibrated fask, ‘neutralise with hydrochloric acid, 
keeping the solution as cool as possible, add 30 ml ‘of concentrated hydrochloric acid 
na and then 10 ml of 10 per cent. thiourea solution, and dilute to the mark. Mix well} - 
kee immerse the flask in a water bath at 75° + 2° C for 30 minutes, cool, and measure the 
absorption of the solution at 4800 A in a 40-mm cell. 
Calculate the amount of osmium present by comparison with a standard prepared 


__ Tridium—Dilute the perchlorate solution containing the iridium to about 300 ml with 


the ‘precipitate, pe more sodium bromate solution if necessary to the 

¥ pH between 6-5 and 7-0. Allow the precipitate to settle, and then filter through a Whatman 
4 No. 40 filter- ~paper, washing well with hot water. There is no tendency to peptisation with 

_ iridium precipitated in this manner, but a final wash with 5 per cent. ammonium chloride 
serves to prevent deflagration during the subsequent 
_Dry the paper and precipitate, ignite carefully, and treat the iridium ‘dioxide with 
hydrofluoric and nitric acids in the usual manner. Collect the precipitate once again, ignite, J conta 
reduce under hydrogen, and weigh asusual iridiu 
For small amounts of iridium (10 mg or less) an absorptiometric finish is probably more Ye 
- convenient. When this is so, adjust the perchlorate solution to a suitable volume from f of In 
7 which an aliquot containing 1 mg of iridium may be taken. gee oy ae |W ith 
Transfer two aliquots to 150-ml beakers, add 50 ml of diluted hydrochloric acid (1 + 1) | absor 
‘to each, and boil for 5 minutes. When cool, transfer each solution to a 100-ml calibrated J iridin 
flask, make the first solution up to about 90 ml with diluted hydrochloric acid (1 + 1), J neces 
ee add 4 ml of freshly prepared chlorine water. Place the flask in a boiling-water bath J into: 


for 30 minutes, and then cool, and adjust the volume with diluted hydrochloric acid (1 + 1). } Cale 
Meanwhile, treat the second solution with 2 drops of 5 a cent. hydroquinone solution, J unde 
and dilute to the mark with diluted hydrochloric acid (1 + | 1). With the reduced solution a 
_ in the reference or water cell, measure the absorption of the oxidised solution at 4900. inj 

40-mm cells. Calculate the amount of iridium by comparing the absorption with that of ] i 


beaker, add 5 ml of senenele acid, and evaporate until Setmn's are evolved. While fumes abse 
are being evolved add dropwise about 10 drops of hydrobromic acid, and continue heating | son 
until most of the excess of perchloric acid has been removed; then cool, add 50 ml of diluted | 
: hydrochloric acid (1 + 1), and boil to re-convert the platinum to the chloro complex. Cool § igni 
- again, transfer the ao to a 100-ml calibrated flask, and dilute to about 80 ml with diluted J ihe 
hydrochloric acid (1+ 1). Finally, add 10 ml of 20 per cent. stannous chloride solution, 2 
and dilute to the mark. Mix well, set aside for 30 minutes, and then measure the absorption § STA 
at 4030 A in a 40-mm cell; compare with a standard prepared as described under “‘Stan- J 


— 


me. If a gravimetric finish is preferred, dilute the original perchlorate solution resulting § des 
from the ketone extraction (or an aliquot therefrom) to a suitable volume, and precipitate f 
_ the platinum as metal by reduction with magnesium in the usual manner. — Treat the ignited sod 


precipitate with hydrofluoric acid, etc., to remove silica, ‘Te ignite, and weigh as metal. — “ Ma 
Ruthenium—It more than 10 ng ruthenium are p present, carry out the he: 
dil 


evaporate to dryness in a water bath. When dry, place the crucible on a hot-plate, 
and gradually increase the temperature to full heat during a period of about 30 minutes. 


Transfer the previously evaporated solution to a tared crucible, and 
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the source of heat, and allow the crucible to cool under 


why reducing ° the hydrogen pressure gradually until, finally, the crucible can be removed Z 
cloy,| to cool completely in air, 
we __ Brush the loose residue into a platinum dish, and treat with hydrofluoric aci 
anol, . Evaporate to dryness, extract the residue with dilute nitric acid, filter, and wash - 
1g of | “hot water, replacing the paper and precipitate in the original porcelain crucible. — we 
TE | ignite, and, finally, reduce with hydrogen in the usual manner; re-weigh the crucible nti 
acid, and determine the weight of metal by difference. 
i For less than 1 10 mg « ofr ruthenium, mm, carry out the determination n spectrophotometrically, y 
hes 4 d tas Dilute the original solution to 100 ml in a calibrated flask, and extract an aliquot — De 
ared equivalent to about 1mg of ruthenium. Transfer the aliquot to a 150-ml beaker, : 
mF _add 5 ml of diluted sulphuric acid (1 + 1), and evaporate until copious fumes are evolved. 
with After es for 2 or 3 minutes, cool | the solution, add | 60 ml of ¢ diluted hydrochloric Bei 
% Cool the solution, and transfer to a 100-ml calibrated flask, rinsing the Seiiiads with 
w > water to bring the volume to about 85 ml. Add 10 ml of 10 per cent. thiourea solution, i 
tae mix well, and heat the flask in a ‘water-bath at 50° + 2°C for 30 minutes. — Cool, mak ee 
with up to the mark with water, and measure the absorption at 6750 in a 40-mm cell. 3 
| Calculate the amount of ruthenium present by, comparison with a ‘standard prepared as 
with Rhodium—The rhodium solution may contain a trace of iridium if the original material 
nite 


contained a high hcg a a of this metal; it is necessary to determine it to correct the main ~ 

nore. ‘Transfer a small porti ion of the previously oxidised and diluted solution (see “Treatment 3 
from § of Individual Fractions,” p. 709) to a dry beaker, and add a few crystals of hydroquinone. 


+ 1) absorption of the oxidised solution at 49004 in 40-mm cells. Calculate the amount of 
ated § iridium present by reference to the iridium standard, and correct the main iridium figure as _— 
- 1), J necessary. Then filter the reduced solution through a dry Whatman No. 540 filter-paper 
bath into a dry beaker, and measure the absorption of this against water at 5150 a in 40-mm cells. 


1). | Calculate the amount of rhodium present | by comparison with a standard prepared as described nae 


| With this reduced solution in the reference or water cell, measure the difference in a 


tion i - Nore—It is essential not to filter the oxidised solution before determining the wo: sliniie 


Palladium—Measure an aliquot representing about 10 mg of palladium, ‘make 

| to 100 ml in a calibrated flask with diluted hydrochloric acid (1 +1). Mix well, filter = 
portion through a dry Whatman No. 540 filter-paper into a dry beaker, and measure the 
absorption at 4700 A in 40-mm cells. Calculate the amount of palladium present by compari- 
son with a standard prepared as described | under “Standardisation,’ 712. 


igniting the original glyoxime precipitate under hydrogen. If this posters is adopted, 
the precipitate must be thoroughly washed with cold water to remove lithium salts, etc. 


* Osmium—Distil s some sie from any readily obtainable salt by the 
on p. 707 , and standardise a portion of the distillate gravimetrically, also as setae fl 
described. — Dilute the distillate to y procece a solution containing 1 mg of osmium per mi. 


Iridium —Weigh. l-lg of pure » iridium sponge into a nickel crucible, and add 10 g a 
sodium peroxide. _ Mix the contents intimately, and heat gently until the mass sinters. 


_ | Maintain at this temperature for 30 minutes, and then raise the temperature to bright red 
‘ion § heat for about 2 minutes. Set aside to cool, extract the melt with cold water, transfer to - 
§ a 500-ml beaker, and acidify with hydrochloric acid. Evaporate the solution to small volume, 
and § dilute the salts to about 300 ml, and filter. — Pass the solution through a column of Zeo- — 


Karb 225 to remove sodium and nickel, etc., and then dilute: the effluent to 1000 ml with © 
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pipette, place 50 ml of ebliition in add 10 ml of nitric dilute 1 
acid and then 10 ml of perchloric acid, and evaporate until only about 2 ml of acid remain, #Measur 
Dilute to 250 ml with hot water, and the iridium with sodium as 


- solution several ey with hydrochloric acid, and, finally, dilute to 1000 ml with | diluted 
 Ruthenium—Dissolve commercial ruthenium chloride in 1 per cent. hydrochloric acid, 
and dilute to give a solution containing about 1 per cent. of ruthenium. Evaporate 10 ml 


 € this solution in a tared porcelain crucible, and determine the ruthenium gravimetrically§ 
as described under ‘‘Ruthenium,” p. 710. On the basis of the assay, further dilute the / 
solution to produce a final standard solution containing 1 mg of ruthenium perml. 
iat _ Rhodium—Weigh 5:6 g of pure rhodium sponge into a 250-ml conical flask , and add a 
og 50 ml of concentrated sulphuric acid and then 10g of sodium sulphate. Boil gently in a por 
covered flask until all the rhodium has been attacked. Cool, and cautiously dilute the solution : 4 


about 200 ml; then filter, and dilute to about 800 ml. 
_——— Precipitate the rhodium as hydroxide by careful addition of sodium hydroxide solution } Gr 
: to the nearly boiling solution until the pH changes t to a? (measured \ with a Johnson’ s test 7 
~~ Collect the rhodium hydroxide on a Buchner funnel, and wash well with hot water. } : { 
Hb Transfer the precipitate to the original beaker, re-dissolve in an excess of hydrochloric acid, } 
and evaporate to small volume. Add 250 ml of diluted hydrochloric acid (1 + 1), and boil - 
_ for 1 hour, adding more hydrochloric acid if necessary to maintain the volume. Finally, s 
4 ~ cool, filter through a Whatman No. 540 enen-papee, and make up to 500 ml with diluted = 
Standardise the solution by taking an aliquot and reducing, the rhodium 


diluted hydrochloric acid (1 + 1). 
1 of osmium solution to a 100-ml calibrated flask, add} 
- 60 ml of diluted hydrochloric acid (1 + 1) and then 10 ml of 10 per cent. thiourea solution, } over 
and dilute to the mark with water. Mix well, and continue as described under ‘ ‘Osmium,” 
~~ e Iridium—tTransfer 1 ml of standard solution to a 150-ml beaker. Add 1 ml of nitric] | 
acid and then 5 ml of perchloric acid, and evaporate until only about 2 ml remain, wee, has 
care to avoid evaporating to dryness. ” Cool, add 50 ml of diluted hydrochloric acid (1 + 1), | ©°™ 
and boil for 5 minutes. Transfer the solution to a 100-ml calibrated flask, and continue / 
Nore—It is is essential that the same batch of chlorine water is the assay as for the standard. 
Platinum—Transfer 5 ml of standard solution - to a a 100-ml calibrated flask, dilute to fe 
4 about 80 ml with diluted hydrochloric acid (1 + 1), add 10 ml of 20 per cent. stannous chloride : ‘ 


ota  Ruthenium—By pipette, place 1 ml of standard solution in a 150-ml beaker, add 5 ml § by 


f diluted sulphuric acid (1 + 1), evaporate the solution until fumes are e evolved, and.ca continue mi 


Rhodium—Take 20 ml of standard ‘solution, transfer beaker, and add 50m 
g diluted hydrochloric acid (1+ 1). Boil the solution gently ot 15 minutes, and then 


at the same time as that of the assay at 5150 A in 40-mm cells. 
a Palladium—Take 10 ml of standard solution and transfer to a 250- oy beaker. Add 


5 ml of nitric acid and then 5 ml of perchloric acid, and evaporate the solution until about § t;; 
2 ml of acid remain, ae care to ata evaporating to dryness. Set aside to cool, then § tr; 
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Synthetic m mixtures were prepared in two. groups— 


those containing iridium, platinum, Thodium and | palladium. 
4 The mixtures were —— by the propos 


DETERMINATION. OF OsMIUM AND -RUTHENIUM 


“Method Osmium added, Osmium found, Ruthenium added, Ruthenium found, 


‘Added,mg ..  .. 


Added,mg 25:0 shyt 232-6 

_ Several concentrates containing a wide variety of base metals have also been stent 


a a period of many months, and the results | sven shown good | agreement ' with those obtained © 
_ A combination aa modern techniques for the analysis of mixtures of the eae metals — 4 


; Found, mg 


has been described. The method gives good results with a wide variety of products, including 
| complicated concentrates containing several undesirable base metals, 
_ The time taken for a complete analysis has been reduced to little more than one week, 
the accuracy comparing favourably with the older classical techniques. The frequent use 
of perchloric acid calls for some care, and it is essential that a properly designed | fume- -extrac- 
tion | system is employed, with a separate flue for ketone evaporations, = 
Recent work has shown that a more rapid chromatographic separation can be achieved | 
by incorporating a proportion of tri-n-butyl phosphate with the ketone. The recommended 
mixture is 1 volume of tri-n-butyl phosphate and 2 volumes of tsobutyl ‘methyl ketone; this 
should be made 2 per cent. with respect to hydrochloric acid as in the normal method. ie 
__ No separation of platinum and palladium is possible however, since these two metals ies 
have similar Ry values in the tri-n-butyl phosphate - ketone mixture, but shorter columns — 
may be used as a result, and separation from iridium™ ry rhodium is complete in about | Mi 
_ Tridium is then oxidised and extracted as before, ae again, very few extractions suffice _ 
to complete the separation. The oxidising solvent is made up as described on p. 709 and =" 


tri- phosphate is added insufficient chlorine dioxide formed if 


[dd 50 ml of diluted hydrochloric acid (1 + 1), and boil for 10 minutes. Cool again, and a op. a a 
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The nitric acid solutions of the are » then to small volume 
4 and re-converted to chloride by boiling with an excess of hydrochloric acid. _ Separation of 
F platinum and oe must then be carried out with use of dimethylglyoxime i in the Con- 
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The Effect of of ‘Oxygen or on the Determination of 


17:21 Dihydroxy-20- Oxosterocids with Tetr -azolium m Salts 


By A. JOHNSON, R. KING C. VICKERS 
(4 Group, Standards Department, Bor Boots Pure uve Drug Co. ‘Lid., Station Street, Nottingham) 


It has been shown that the intensity yand 
stability of the colour produced when 17:21-dihydroxy-20-oxosteroids are 
7 allowed to react with triphenyltetrazolium chloride. The influence of other — 
factors has been re-examined, and a method for colour development is recom- | 
mended. Tetrazolium blue has also been used as a reagent and is is critically 
compared with triphenyltetrazolium chlori chloride. 


A METHOD for determining 17 :21- -dihydroxy-20- -20-oxosteroids, based on the reduction ails a 
tetrazolium salt to give a coloured formazan, was suggested by Mader and Buck.! Factors 
_ affecting the method have been studied by various workers,?.* and it is now the basis of some 
official assays.*® During the application of the method to a standard hydrocortisone, it 
was noted that the variation obtained was greater than might have been expected and that / t 
this variation was apparently affected by the size of the vessel in which the colour was — 
ee .- suggested that the presence of air, a factor not previously considered, 
may affect the assay, and this was subsequently confirmed. A re-examination of the 
- conditions for colour development therefore seemed desirable. en 


The experiments. described in this section were carried out on a standard solution of 
_ hydrocortisone in aldehyde-free ethanol. This solution contained 229 yg of hydrocortisone 
per 10 ml and was freshly prepared before use. The apparatus and reagents used are described | — 


ree In o order to examine the effect of air, other factors known to influence the reaction were 


“= i To a solution of the steroid in 10 ml of aldehyde- -free « dehydrated ethanol in a 25- ml 
calibrated flask made of non-actinic glass add 2-0 ml of triphenyltetrazolium chloride 
reagent solution and then 2 ml of tetramethylammonium hydroxide reagent solution. 
Mix, and place the flask in a water bath at 30°C for a suitable time. Cool the flask 
and its contents rapidly to 20° C, and dilute to 25 ml with aldehyde-free ethanol. — _ Gently 
ae shake, and immediately measure the optical density at 485 my in a l-cm cell. Use 
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mt OF 17-K -KETOSTEROIDS TETRAZOLIUM 


- % Colours were Pere from portions of the standard hydrocortisone solution for different — 


periods in flasks containing nitrogen, air or oxygen. Fig. 1 shows the marked effect of the _ = - 


presence of oxygen in decreasing the maximum optical density and on the stability of the © ria 
colour. This effect was shown to occur with solutions of cortisone, prednisone, prednisolone, fa : 
hy drocortisone, the corresponding acetates, -methylhydrocortisone and fludrocortisone. 

oa The results for four typical ex xamples are shown in Table I; the samples used were <4 Bes: 
‘commercial production materials and were not pre-treated in any way. It can be seen that, a ae 
for the free alcohols, maximum colour development in an atmosphere of nitrogen was attained es: ze 
within 45 minutes and that the solution was then stable for at least a further 2 hours. For 
the acetates, the colour took longer to develop, and for these a nee of 60 minutes was used. , 


i 


and used were 229, 265, 228 ar and 242 ug per 10 ml ml, 


at Optical density for hydrocortisone Optical density for 


a Time for 
0-365 
0-367 
minutes 0-362 0-392 0-396 
(45 minutes —_0-360 393 0399 


65 minutes 0- 353 


45 minutes 
and then set 
temperature 4 =, 0- 393 0316 0-397 0-293 0- 362 
‘Difficulties were encountered with hydrocortisone sodium succinate and triamcinolone, — 
colour development being incomplete after 4 hours (see Fig. 2). The anomalous results for 
triamcinolone are in agreement with the findings of Smith and Halwer. eh 
__ In the investigation of other factors, the basic method described above was unt and 


colour was in an atmosphere of for 45 minutes. 


“TT 


Fig. 1. Relationship between optical density of the HOT 
hydrocortisone - triphenyltetrazolium colour and time under 
different conditions: curve A, in curve B, in 
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VICKERS: THE EFFECT OF OXYGEN ON THE 8% 


oe. _ It has been shown that the presence of water decreases the intensity of colour produced.? 
Since small amounts of water are unavoidably introduced in the tetramethylammonium 


hydroxide reagent solution and in the preparation of the aldehyde-free ethanol, experiments used 
were carried out with the standard hydrocortisone solution to determine what effect, if any, for 1 
_ this water had on the reaction. The water content of the aldehyde-free ethanol was deter- § 1 °" 
-mined by the Karl Fischer method, and, after allowance had been made for the water added | hydr 


in the tetramethylammonium hydroxide solution, water was added to bring the concentra- 05 I 
_ tions in the final solutions to the desired values. The results, from which it can be seen that § inst 
the small amount of water introduced during the assay « does not affect the colour intensity, at 1 


 _During colour development, the solution protected from light,?.*.4.5 otherwise “tetr 

there are rapid increases in the colours of the test and reagent blank solutions. ¥ We found J} the: 

that the reaction was also sensi seneitove to > to light when carried out in an atmosphere of nitrogen. : was 


curve B, hydrocortisone sodium succinate 


Fig. 2. Development of colour in atmosphere carve ‘A, triamcinolone; 


| 
OF CONCENTRATION OF TETRAMETHYLAMMONIUM HYDROXIDE— 
In our previous experience, the colour intensity after. a given time decreased con- 


ately as the concentration of tetramethylammonium hydroxide present was increased. 
In order to determine whether or not this effect occurred in the absence of oxygen, colours 
were developed from the standard solution of hydrocortisone in — of air 7 
nitrogen in the presence of of different amounts of the base. _ The results _— 


‘Volume of base solution present, ml 
Optical density in 
Optical density in air 


0-377 0360 0-354 

| These results show that, within the range of concentrations examined, the colour intensity 
produced in an atmosphere of nitrogen is independent of the volume of tetramethylam-— 
_ monium hydroxide reagent solution added. However, the colour developed under nitrogen J 
_ in the solution containing 4 ml of base solution tended to fade while the optical density was 7 
_ being measured. © It appears that the effect of air is accentuated by i increasing the amount § 
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October, 1960] DETERMINATION. OF 17-KETOSTEROIDS 


CONSIDERATION OF ALTERNATIVE REAGENT— af 


Mader and Buck? examined 2:3: 5- -triphenyltetrazolium chloride and 3: '-dianisole- 
4:4’'-(3:5-diphenyl)tetrazolium chloride (tetrazolium blue), and the latter reagent has been 
used to some extent, particularly by American workers.*,” _ The main advantage reported _ 


f is only useful when trace amounts of steroid are determined. Colours were developed from 


for it is greater sensitivity (about twice that of triphenyltetrazolium chloride), although om a 


hy drocortisone solutions in atmospheres of air and nitrogen by the basic method, but > a 


0:5 per cent. w/v solution of tetrazolium blue in aldehyde-free dehydrated ethanol was used 


instead of triphenyltetrazolium chloride. The optical densities of the solutions were read oe 
at 10-minute intervals against a blank solution developed for the same time. For 10-ml © 
portions: 0 of a solution ‘containing 17-2 mg of | hydrocortisone per litre, the results were— 


Optical density in sities en 0-450 460 0-452 0-460 

Optical density in air 371 0-445 0-449 (0-444 0464 


| ‘It can be seen that maximum colour developed | more rapidly | than when -tripheny 


tetrazolium chloride solution was used and that the effect of oxygen was less marked. Despite | si 
these facts, however, the reproducibility of the optical density in an atmosphere of nitrogen | 
was poor compared with that obtained when triphenyltetrazolium chloride solution was used ms 
(see Table I). It was observed that an intensely coloured reagent blank solution was obtained 4 
for whereas that for chloride was colourless. 


ensity 


ptical d 


ethanol; curve B, steroid read against reagent blank solution; 
curve C, reagent blank solution read — ethanol 


wey? 
gt 
It was thought that this might be for and the 
of the blank solutions was therefore examined in greater detail. Colours were developed — 
for different periods from solutions containing no steroid, and the optical densities were . 
measured against pure ethanol. The results are shown in Table II and indicate that the _ 
“colour produced with tetrazolium blue increases rapidly with time; for comparison, a corre- — 
“sponding series of results with triphenyltetrazolium chloride is also Ee 
_ Absorption spectra were plotted for a reagent blank solution and a standard solution 


of hydrocortisone; tetrazolium blue reagent solution — was used, and colour was developed 


in an atmosphere of nitrogen. These curves were compared with those obtained when tris 
chloride was used as reagent 3 and 
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KING AND VICKERS: THE FFECT OF OXYGEN ON THE (Vol. 85 


RATE OF COLouR DEVELOPMENT REAGENT BLANK SOLUTIONS 


produced with tetrazolium blue— Optical density of colour produced with 


chloride i is obviously a better reagent from this point of view, and, in our opinion, it is a more 
satisfactory reagent for the routine assay of ketosteroids than is tetrazolium blue. The 

greater sensitivity and the freedom from interference by oxygen of the latter reagent are 

more than outweighed by the the high: and continuously varying blank readings. 


cal density 
w 


> 


le h, 
Wave engt 


 inan of curve steroid solution read against ethanol; curve B, steroid 
solution read against reagent blank solution ; curve C, reagent blank solution read against 


ethanol nol 


_APPARATUS— 
Spectrophotometer—A Unicam SP600 instrument working from a ‘12-volt 
Water bath—Thermostatically controlled to a of + 05°C and 
‘Ethanol, aldehyde- - free, dehydrated. 
‘Triphenyltetrazolium chloride reagent solution—Dissolve Olg 2:3: :5- 
zolium chloride in 20 ml of aldehyde-free dehydrated ethanol. This solution should be 
freshly prepared and kept protected from light. Monk! sft 
-Tetramethylammonium hydroxide reagent solution—Dilute 4 ml of a 25 per cent. 
aqueous solution of tetramethylammonium rapier to 100 ml with aldehyde-free dehydrated 


ya pipette, place 10 ml of aldchyde-f free pears ethanol containing 120 to 450 pe 

_ of steroid in a 25-ml calibrated flask made of non-actinic glass. Add 2-0 ml of triphenyl- 

tetrazolium chloride reagent solution, and Gaplace the air from the flask with a stream of 
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curve I B, ‘fludrocortisone; curve acetate 
nitrogen. me (At this stage, , the flask should be ‘stoppered_ until the base solution — 
is  aalek ri Add 2-0 ml of tetramethylammonium hydroxide reagent solution, and again 
displace air from the flask. Gently swirl to mix the contents of the flask, and placeina —S 
water bath at 30°C for 1 hour. Cool the flask and its contents rapidly, and dilute to the Bs, 4 
f mark with aldehyde-free dehydrated ethanol (all solutions were brought to 20° C to obviate - pt 
errors caused by the high coefficient of expansion of ethanol). Mix by shaking gently, and at Mai 
_ | immediately measure the optical density at 485 my in closed optically matched 1-cm cells 4 
against a blank solution consisting of 10 ml of aldehyde-free dehydrated ethanol treated in 
an graphs obtained when the p proposed method was applied to samples of hydro- 
cortisone, fludrocortisone and prednisone acetate are shown in Fig. 5. The reproducibility pon 
of the method was found by means of a series of replicate determinations by different —o 


found d by analyat A. 


Analg A had no previous experience of the iii 
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A Routine Method for phos 


FLORENCE E. MURPHY S's 
Waited Research Laboratory, Wood Lane, London, W. 12) 


A method is described for determining sucrose in sweetened condensed 


milk. It is based on Lane and Eynon’s titration of Fehling’s solution with 
reducing sugars, and gives results within +0-5 of those obtained by the a) 
7 Society of Public Analysts’ method, 7.¢., within about +1 per cent. of = 4 
_ sucrose determined. Only 4 g of sample are needed, compared with 40 g for | 
the Society of Public Analysts’ method. The result is obtained in a shorter 
time, and no other determinations are required for purposes of correction. a 
Since the method requires no special apparatus and can be successfully carried oat 
out by routine workers, it is suitable for use in a laboratory controlling the Te 
manufacture of condensed milk, my 
a _ A METH METHOD of determining su sucrose in sweetened condensed milk was “meee: it was to be 
a, suitable for use in a factory control laboratory. Such a method should be as rapid and 
j . as possible and should require no apparatus other than that usually found in this 
a type of laboratory. The result should agree with that obtained by the method recommended 
a, p the Society of Public Analysts! (now The Society for Analytical Chemistry) to within 
+0°5, i.e, about +1 per cent. of the sucrose found. Consideration of the problem led to 

} 


the conclusion that a copper-reduction method might be applicable, the sucrose content 
being calculated from the increased reducing power obtained by inversion. As condensed J 
milk contains about 45 per cent. of sucrose and reduction methods require dilute solutions 


_ of sugar, small errors due to technique or to interfering substances must be avoided. © Further, 


_ the chosen method of inversion must hydrolyse sucrose and leave lactose unchanged. 
VALIDITY OF COPPER-REDUCTION METHOD— ik 


he Preliminary we work showed that the copper-reducing powers of lactose and inverted 
sucrose are additive under the conditions of Lane and Eynon’s titration.? " Previous work 
on the determination of lactose in milk and milk products had confirmed the statement of 
these workers that stricter adherence to the same conditions is necessary when titrating 
with solutions of lactose than with solutions of most other reducing sugars. _ The strict | 
technique found necessary and adopted i in this laboratory was used in this work. _ = 
_ Titrations carried out with condensed milk sera obtained by clarification with lead 
- acetate and potassium oxalate and with the same sera after inversion of the sucrose by 
_ Clerget’s method gave results in close agreement with those of the S.P.A. method. Although 
= provides a useful alternative to the polarimetric method, it is too lengthy, and the 
conditions for the Clerget inversion are difficult to maintain in a control laboratory. ee” 


_ DEVELOPMENT 0 OF ROUTINE METHOD fc 
was to eliminate the lengthy preparation of a lead serum. Titrations were 5. 
‘therefore carried out with unclarified dilutions of condensed milk and with the same dilutions (a 


inverted by Clerget’s method and then further diluted to a suitable concentration. In 
83 per cent. of the forty-one samples examined the results were within +0-5 of those by the 
-S.P.A. method; for the other samples the greatest difference between the results by the two 
Calcium interferes with the Fehling’s titration, but the amount of ionisable calcium 
in a dilution of condensed milk was expected to be smallé.§ and to cause negligible interference. 
This appeared to be so for most of the samples examined, but interference from calcium was 
_ thought to be a possible cause of error when the difference between results by the reduction | 
_method and the S.P.A. method was greater than 0-5. Further experiments showed that, 
_ when the unclarified dil dilutions gave poor resu vesuits, , the he agreement became ‘Satisfactory if | if the 
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‘SUCROSE IN SWEETENED 
| calcium was removed - lead acetate or ners formation of a 


n addition 


| 

x Tie ne necessary inversion sucrose by citric acid without danger 

varied. "Various combinations of these three factors were found Pa be effective, and the 

BR combination chosen was that ‘considered most suitable for a routine 1 a soc 


was carried out with citric acid was tested in a control ieitcoataiy, the results were not een 
within +0-5 of those by the S.P.A. method. _ However, enough preliminary work had been — 
done to show that the method was sound and capable of giving satisfactory results, and 
poor agreement was therefore attributed to difficulties experienced by routine workers. __ 
Failure to recognise the rather different end-points of the two titrations was probably the _ 
Further work has shown that agreement is better if a simple method of clarification | 
is adopted and if both titrations are completed with the inverted serum, which contains = 
much more invert sugar than lactose. The first modification makes recognition of the 
end-point easier, and the second avoids the use of the two rather different end-points. — 


It has also been shown that there is a possibility of break-down of one or both sugars ye 
in these dilute solutions, particularly when the atmospheric temperature ishigh, = ec: 
___ The preliminary experiments and the work subsequently carried out as a result of control- ae 
laboratory experience has led to the adoption of the method described below. | ie 


Weigh 4 + 0-005 g of well mixed sample into a small covered beaker, and wash it into Pe. 1 
a 250-ml calibrated flask with not more than 25 ml of hot distilled water. Add 0- 5 ml of Ar 3 
a 10 per cent. w/v solution of citric acid, mix by rotating the flask, cool, ‘and dilute to the one aa 

a at 20° C with distilled water. Insert the stopper, invert the flask several times, and Me a 

filter the contents into a clean dry conical flask, rejecting the first portion of filtrate. — (This a 

filtrate is solution A.) When enough filtrate has been collected and while it is still at 20° C x oe 

_ transfer a 50-ml portion, by pipette, to a 250-ml conical flask. Add 20 ml of distilled water, ee 4 

30 ml of the citric acid solution and two or three glass beads, and close with a bulb stopper. ae Ei 
Heat the flask over a covered flame until its contents begin to boil, lower the flame, and > 

allow the liquid to boil gently for exactly 10 minutes. (Little diminution in volume should ay 

“take place during the boiling period, as it is important that the concentration of acid should ea 
not increase appreciably. ) Remove the flask from the source of heat, rinse the lower end of 4 f 
the bulb stopper into the flask with distilled water, and cover the neck of the flask with an — i) 
inverted small beaker. Cool the flask immediately and rapidly by allowing cold waterto 

flow over the beaker and down the sides of the flask. When the flask has cooled to below _ 

30°C, add a small piece of litmus paper to its contents, and slowly run in approximately b 4 
_5N sodium hydroxide, with thorough mixing, until the litmus paper just changes colour | ey a 

(about 9 ml of alkali will be needed). Transfer the solution to a 250-ml calibrated flask, ‘én 

and dilute to the mark at 20° C with distilled water. © (This is solution - B, in which the lactose 

is unchanged and the sucrose has been hydrolysed to invert sugar.) $= 

- Determine the reducing power of solution B by Lane and Eynon’s * mito’; use a burette © 

with a well lubricated glass tap. Titre te the solution into a flask containing 10 ml of - 

Fehling’s solution, 5 ml of distilled water and a little powdered pumice. Add 23 ml ; 

solution B as the first addition of the incremental titration if the sample is a full-creaam _ } 

milk and 21 ml if it is a separated milk. Use a measured amount (0-2 ml) of an aqueous ae. 

1 per cent. solution of methylene blue as indicator, and, when completing the titration, add ; 

0:5-ml portions of solution B from the burette at 10-second intervals. . When completing the © 

standard titration add 0 oF ben | portions of sugar solution frc from th the burette at 10-second intervals; 
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MURPHY: A ROUTINE METHOD FOR DETERM 


= 
y Teer these ouvions ro total not less than 0-5 ml and not more than 0-9 ml. The tot total boiling 
period should not exceed 3} minutes (in either titration). = | 
‘Determine the reducing power of solution A. In the titration flask containing 10 ml of 
_ Fehling’s solution place, by pipette, 25 ml of solution A if the sample is a full-cream milk 
and 20 ml if it is a separated milk. Add 5 ml of a freshly prepared 10 per cent. w/v solution 


hed of Calgon, and carry out an incremental titration by adding solution B from the burette. 
Carry out a standard titration in a similar manner. __ 
The titrations should be carried out as soon as the sera have been prepared. — ~~ one 
‘Ss should | be analysed at a time when the atmospheric exceeds 70° F 
_ CALCULATION Of OF RESULTS 
the volumes of sugar solutions equivalent to 10 ml of 
_ Fehling’s solution were 29-0 ml of solution B and 25-0 ml of solution A plus 8-5 ml of solution B. 
. An 8-5-ml portion of solution B therefore has the same reducing power as 10-35 ml of solution 
A, and a titration completed with solution A would require a total of 35-35 ml. The factor 
for the Fehling’s solution was 0-996, so that the amounts of solutions A and B equivalent 
to 10 ml of Fehling’s solution (F = 1-000) were 35-5 and 29-1 ml, respectively, = 
_ From Lane and Eynon’s Tables for invert sugar, 10 ml of Fehling’ s solution would be 
reduced by (a) 35-5 ml of a solution containing 145-9 mg of invert sugar per 100 ml and J 
; ma) ) 29-1 ml of a solution containing 177-0 mg of invert sugar per 100ml. The reducing 
_ powers of solutions A and B were therefore equivalent to concentrations of 145-9 and 177-0 mg 
of invert sugar per 100ml, respectively, 
__ Solution B was produced from solution A by inversion and dilution (1 + 4), so that the 
increase in reducing power produced by inversion was equivalent to a i hie of 
_[(177-0 x 5) — 145-9] mg of invert sugar per 100 ml, ¢.¢.,739-1 mg per 100ml. This concentra- 


on is is equivalent to — 7 — mg of invert sugar per 250 ml of the solution — 4 g a 
samy sample. 


| 


this calculation, no correction has ath, made for the presence in A. 

_ Such a correction would amount to about 0-1 per cent. of sucrose, and, since this i is well within 

As an aid to rapid working in routine determinations, sucrose contents have been calcu- 
“f lated as described above for pairs of whole-number titres over the range normally encountered. 

The results are shown in Table I, and sucrose contents for other than ain number titres 
can be obtained by interpolation. 


equivalent Sucrose content of when 10 ml of Fehling’s solution are equivalent 
to10 ml 


of Fehling’s 26 ml of 27mlof 28mlof 29mlof 30mlof 3lmlof 32mlof 33 mlof 
_ solution, a — B, solution B, solution B, solution B, solution B, solution B, solution B, _ solution B, 
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The difference between each pair of results for the six 
was not more than 0-3 per cent. of sucrose. The figures below show how the results compared 


ette. 


fone _—i.: thank Mr. S. Schimelmitz for supplying the sucrose figures deterrsined by the S.P.A. 
and for out reduction on some of the 
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0 mg Polynuclear Hydrocarbon n 

t the te on obacco Smoke 

m off 

ntra- Par £3 4-Benzopyrene Found i in poate and Tobacco Smoke 

(The I mperial Tobacco Co. Lid., Road, Brito 3) 

ont is shown that the 3:4- -benzopyrene on unsmoked 

tobacco derives from contamination occurring during processing and that the 
-. ioe presence of the hydrocarbon in cigarette smoke is due mainly to synthesis in the wag peas 

ithin | IN Part I of this series,* methods were described for determining 3:4-benzopyrene in leaf, 

__ | cigarette tobacco and tobacco smoke. _ The results reported showed that unsmoked cigarette 

alcu- § tobacco contains 3:4-benzopyrene in amounts approximately equal to the amounts of the 


ered. § hydrocarbon found in the main-stream smoke from an equal weight of cigarettes. Because % 
titres | polynuclear hydrocarbons are not natural constituents of plant tissues, the presence of 3: 4- fe 

enzopyrene in unsmoked tobacco must be caused by contamination. It was therefore of — 
re interest to discover at what stage between planting: tobacco scoring, and the end of the ie 


a Any 3:4- -benzopyrene present on tobacco will not be there as the pure hydrocarbon, but — 

aval as part of the complex mixture of substances that together comprise the particles of soot and 

‘wo | dust adhering to the surface of the leaf; chimney soo soot, for example, contains 0-03 per rnin =, 

of the flue-cured tobacco used for in the United Kingdom is grown in 

. a fj areas where contamination due to atmospheric pollution is unlikely to be large. In the = . 


“ante flue-curing process, however, the leaf may be exposed to gases escaping from faulty flues, and — 
4 these gases, being the products of the incomplete combustion of wood, coal or oil, are a possible = ie ag 

source of contamination with 3:4-benzopyrene. In the subsequent re-drying process, large 
My volumes of air are blown through the cured leaf, and the leaf is thereby exposed to further 


= contamination by atmospheric soot and dust. 
notes _ Experiments were therefore designed to discover the extent to which freshly harvested - 
leaf becomes contaminated with 3: 4-benzopyrene during the flue- -curing 
- | drying processes. At the same time, we studied the possible effects of two innovations in 
Sa curing technology, namely, the use of steam-curing equipment in Rhodesia and of open-flame — E: 


4 For details of Part I of this series, see refe nce | list, P- 727. salle ‘ios mies 
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oil in in the US S, was thought that steam-curing, in which the are heated by 
_ steam instead of hot combustion gases, might lead to less contamination than is normal, 
_ Curing by the use of open-flame oil burners, in which the leaf is exposed directly to the prod- 
ucts of combustion of kerosene, was thought likely to result in greatly increased contamination 


= particularly when burners were badly adjusted. 


4 CONTENTS Topacco SAMPLES AT DIFFERENT STAGES OF PROCESSING art 


P of sample, 


on 
(b) Normal fiue-cured tobacco, not re-dried Not found, 0-5 
(b) Normal flue-cured tobacco, not we 0, Not found § leve 
(c) Steam~ cured tobacco, not re- 0, 0- | and 
(a) Green (uncured) tobacco found © for 
(b) Normal flue-cured tobacco, not re-dried bet wt 0-7, Not found sim 


(c) Normal flue-cured tobacco, re-dried ‘| 
(a) Green (uncured) tobacco ley Ay Not found 
(bo) Normal fiue-cured tobacco, ‘not re-dried 5, 0-5 


‘American; cured 
open-flame 


cigarette 


-(a) contaminated with burner-oil soot 
(b) Lightly contaminated 
Several s series 5 of iii a carefully selected at different stages of the curing and 
_ re-drying processes were obtained from Rhodesia and the U.S.A. Immediately after selec- 
_ tion, each sample was sealed in a polythene bag to prevent further contamination during the 
_ journey to the United Kingdom. Table I shows the results found when these samples were 
ae - analysed for 3:4-benzopyrene by the method described previously.1_ The accuracy of the | 
determinations of 3: 4-benzopyrene content was within about +20 per cent. 
Within the limits of experimental error, the results from the two comparable series, | co 
Nos. 1 and 3, are in broad agreement. The indications are that in both Rhodesia and the | 3: 
U.S.A. freshly harvested tobacco grown in areas remote from large towns contains no detect- § oy, 
able amount of 3:4-benzopyrene. When cured by conventional means, and more especially J j¢ 
_ when re-dried, contamination with 3: 4-benzopyrene increases stepwise to approximately the de 
level found on leaf imported into the United Kingdom. = sg 
The uncured leaf in series No. 2 was exceptional in being appreciably contaminated with 
3:4-benzopyrene. However, within the limits of experimental error, there is no difference of 
between the levels of contamination found on steam- ‘cured leaf ar and on leaf cured by conven- § 4; 
_ Series No. 4 is a comparison of the levels of contamination found on _ commercially 
acceptable leaf cured by conventional means and by open-flame oil burners. There is no ‘~ 
- significant difference between the amounts of 3:4-benzopyrene found on leaf cured by the fy, 
two methods. Series No. 5 shows, however, that large amounts of 3:4-benzopyrene are 
found in leaf cured by means of badly adj usted oil burners. 
Series No. 6 shows the levels of 3:4-benzopyrene found on typical samples of manv- 
_ It can be seen that, between the harvesting of the tobacco and its final appearance as 
_ manufactured cigarettes, there is a stepwise increase in contamination by 3: 4-benzopyrene. 
This is shown below, the figures i in parenthesis being the 3: oye contents per 500 g 


Green leaf —> Flue-cured leaf > Re- Re-dried leaf Manufactured product a 
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TOBACCO AND TOBACCO ‘SMOKE. PART 


discover ‘whether the 3:4- -benzopyrene found in cigarette 
ol arises ate direct transfer to the smoke of the hydrocarbon originally present on the  __ 
cigarette tobacco or by synthesis de one ‘in the complex vii wal that occur ‘immediately 
behind the burning zone ofacigarette. == — | 
-— If cured and re-dried tobacco leaf entirely free from diiialaiin by 3: 4-benzopyrene 
could be obtained, then the problem could be resolved simply by measuring the 3: 4-benzo- — 
“a rene content of the smoke from cigarettes made from such leaf. _ This approach is, however, aa 
impracticable, since one can never be certain of the exact amount of 3: 4-benzopyrene on any s 
particular sample of leaf. This is because there is no means of ascertaining the analytical re 
recovery of 3:4-benzopyrene adsorbed on particles of soot and dust. The apparent 3:4-_ as 
benzopyrene content of leaf represents an unknown fraction of the true amount present. 
This is not so for cigarette-smoke condensate, since the e analytical recovery of 3: 4-benzopyrene = 
can be determined directly by addition experiments. rene 
We therefore measured the recovery in cigarette smoke of pure 3: 4-benzopyrene added 
to manufactured tobacco in amounts so large compared with the normal levels of contamina-— 
tion that the effects of the latter could be disregarded. 8 —i—i—‘— 
Cigarettes were made from tobacco to which 3: 4-benzopyrene hhad been added at the — 
level of 100 pg per 500 g of leaf. These cigarettes were smoked under standard conditions,’ aie 
and the main-stream smoke, side-stream smoke, stubs and ash were subsequently analysed i 
for 3:4-benzopyrene. A parallel experiment was carried out with cigarettes made from ‘ 
similar tobacco to which no 3: 4-benzopyrene had been added. The results are shown in 


RECOVERY OF 4- BENZOPYRENE ADDED TO CIGARETTE TOBACCO 


-3:4-benzopyrene content per 500 g of 


& leaf containing 100 yg of added hydrocarbon per 500 g, the recovery of added hydrocarbon i in 
_the main-stream smoke is 15 per cent. The addition of the pure hydrocarbon to simulate — 
contamination provides the optimum conditions for its recovery in smoke. The recovery of 
-3:4-benzopyrene from normal leaf will be less than 15 per cent., as the hydrocarbon is adsorbed 
on particles of soot and dust and is therefore more likely than ‘the added pure hydrocarbon to © 
be decomposed rather than distilled. For the same reason, the analytical method under- 
determines to an unknown extent the amount of 3:4-benzopyrene present on leaf naturally — 
contaminated with the hydrocarbon. _ The recovery of the pure hydrocarbon from leaf by — 
_ extraction with acetone and subsequent chromatography! is 75 to 80 per cent.; the recovery — 
of 3:4-benzopyrene adsorbed on soot and dust and present on the leaf as natural c contamina- 


™ For comparison, it is reasonable to double the figures for 3: 4- yaa in mel. 
tobacco to allow for the low recovery of the hydrocarbon. In Table IV, these corrected figures _ q a 
are compared with the probable amounts of 3: 4- -benzopyrene present in all the products of a 
combustion, namely, main-stream smoke, side-stream smoke, stubs and ash. . These figures 


for total 3:4-benzopyrene are derived “by multiplying - the main-stream values shown in 


_ Itis therefore obvious that, when tobacco, tobacco stems and cigarette paper are burned, 
appreciable amounts of 3:4- -benzopyrene are synthesised. This means that the apparent 
recovery (15 per cent.) of added 3: 4-benzopyrene, calculated from Table II, is too high, since | 

_ it was assumed that none of the hydrocarbon was synthesised during burning. Therefore, 


although t there is no s no unequivocal poet. it is is reasonable to presume that. not more than, , say, 


2 
a1. 85 
by 
al —  ,. 
rmal. 
prod. 4 
| 
SSING } 
— 
mple, 
0-5 
and 
— 
a 
id 
— 
‘ar 
— 
5 
J “4 ¥ 
selec- | 
g the me 
7 
were 
— 
eries, 
1 the 
tect- — 
y the 
with 
ce ___ From results reported earlier! and those found during this work, groups can be selected .+-—»«_—>=e$sqs 
cially 
is no | 
| 
y the | 
e are 
| 
ce as 
rene. 
500 g — 


4-BENZOPYRENE CONTENTS OF UNSMOKED SMOKE DERIVED THEREFROM 
> 


_ * Cigarettes made from finely cut cigarette paper and smoked under the standard — Ste nt a 


p per cent. of | the 3: 4-benzopyrene as ‘contamination is transferred to the smoke. 
4 The appearance of 3:4-benzopyrene in smoke can thus be represented by the “equation” 
_ below, which shows the contributions due to synthesis, to contamination and to combustion 
the paper; the figures refer to amounts of 3: 4-benzopyrene 500 of 
ynthesis 
Of paper ‘Contamination + burning > > Mainstream smoke aa: ime 


0-4 0-4 “2 5 


There also seems to be no correlation between the amounts of 3: 4-benzopyrene appearing 
in main-stream smoke and the amounts present on the unsmoked material. It follows then 
- that, if the general level of contamination of manufactured cigarette tobacco by 3:4-benzo- — 
_ pyrene were reduced to, say, , one-tenth of its present level, the effect on the amount of j 
the hydrocarbon appearing in main-stream smoke would be negligible. Reduction of the J 
amounts of 3:4-benzopyrene appearing in main-stream smoke therefore depends upon the > 
_ discovery of means whereby the synthesis of the hydrocarbon in the burning cigarette can be 
or whereby the once formed, can be destroyed. 


3:4 Benzopyrene was anneten in main-stream smoke and in tobacco by the methods 
already described. Side-stream smoke and ash were collected by the mppeenten: shown in 
_ The precipitator tube, A, of the automatic smoking machine was fitted with a cigarette | 
holder, B, shaped to fit a wide glass tube, C, fitted with a B34 socket and a side-arm, D. A 


gentle stream of air, just sufficient to prevent smoke escaping from the open end of C, was 


COMPARISON BETWEEN 3: 4 BENZOPYRENE CONTENTS OF) UNSMOKED MATERIAL AND PRODUCTS 


combustion from 
#4 


material 500 g of material 


| 


Flue-cured tobacco, not re- ~dried 
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= Precipitator tube c= Glass tube Ho 
"Arrangement for collecting stream eam smoke and and ash 
drawn through side-arm D, and the smoke thereby ‘inlet from C was collected by n means “7 
two traps in series, packed with glass-wool and cooled to —70°C. The smoke condensate ea 
was finally collected by means of acetone and analysed for 3: 4-benzopyrene as before* 
_ Ash that collected in tube C was extracted with acetone, and the extract was subsequently 


"Bentley, H. R., and Burgan, J. Pap 1958, 83, 442. 
F., and Tipler, M. M., Brit. J. Cancer, 1949,3, 157. to ben 


-Polynuclear Hydrocarbons in in Tobacco and 


A 


| 
Part me 


(The Im mperial Tobacco Co. Lid., Research Department, Raleigh Road, Bristol ¥ 
pix The amounts of 3:4-benzopyrene appearing in cigarette smoke can be 


<— 44) reduced by up to 80 per cent. by pre-treating the tobacco with a suitable aoa i ‘ 
additive. Pre-treatment of the paper on a cigarette with ammonium 
sulphamate does not reduce the amount of 3: 4-benzopyrene in the = 
It _ been shown in Part II of this series! that there are : compelling reasons for presun presuming that a 
most of the 3:4-benzopyrene found in cigarette smoke is formed in the pyrolytic reactions — 
taking place in the burning cigarette. Although the precise nature of these reactions is a 
matter for conjecture, it is most probable that chain reactions involving free radicles and _ 
reactions involving the dehydrogenation and cyclisation of long-chain paraffinic and ——. 
hydrocarbons are mainly responsible for the production of 3: 4-benzopyrene. It is known? ~ 
that cigarette smoke contains small a of methane, acetylene, ethylene and isoprene — 


* For details of Parts I II of this s series, see reference list, p. 
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BENTLEY AND BURGAN: POLYNUCLEAR HYDROCARBONS [vol. 85 § Octo 
_and that these compounds will, under certain conditions,* polymerise to yield polynuclear 
; - aromatic hydrocarbons. It is also known’ that the long-chain hydrocarbons found in tobacco 

and tobacco smoke can be pyrolysed at 600° to 900° C to yield mixtures of polynuclear hydro- 
carbons, including 3: 4-benzopyrene. — Either or both of these sonanaente might be catalysed by 
the hot ash in the cigarette coal. 
Because of the lack of precise knowledge | of the mechanisms _— to the formation of 
es _3:4-benzopyrene in a burning cigarette, our approach to the problem of reducing the amount 
of this hydrocarbon in the smoke was of necessity empirical. The aim was to reduce the 
_ $:4-benzopyrene content of cigarette smoke by 80 to 90 per cent. by pre-treating the tobacco 
__-with compounds that might be expected, under the conditions obtained i in a burning cigarette, § 


have one or more of the effects listed 


i ) Modification of the ash, so that a any y catalysis o of the exactions producing 3:4- bene 


___- pyrene is inhibited, e.g., compounds containing heavy 1 metals, such as iron, cobalt 


5 (i) Inhibition of chain reactions, ¢.g., compounds that, when decomposed in the 
: oe burning cigarette, yield chain-reaction inhibitors, such as oxides of nitrogen or 
. radicles containing nitrogen, for example, =NH or 
(i 


7 ii) Production in the smoke of an excess of oxygen or oxidising agents that could 
possibly destroy any 3:4-benzopyrene formed, ¢.g., such as potassium 


nitrate, bromate or persulphate or organic peroxides. 


7 Lowering of the coal temperature of burning ‘daniie to a level at which the 
production | of 3:4-benzopyrene is minimal; this might be achieved by using a 
high moisture content or by pre-treating the tobacco with compounds, such as 


glycerol or ethylene glycol, that form comparatively large amounts of water when § Am 

__ The method of testing was partly empirical. © Fluorescence spectroscopy, as described i inf} Am 

Part I of this series,* was used; when preliminary examination of the plates showed no | = 

| ain oe evidence of any appreciable reduction of 3:4- benzopyrene compared with controls, ‘the | pe 

analytical procedure was not completed. The compounds tested are listed in Table I. i a Pot 

The compounds tested can be divided into several groups according to the manner in Pot 

afi _ which they might be rn to — a reduction in the 3 : 4-benzopyrene in cigarette smoke. re 

(t) Salts containing heavy metals. Gly 

(tt) "Organic compounds | that could yield chain inhibitors when decomposed. ae 

ai agents’ or substances yielding oxidising agents when decomposed. _ on |e 

_ (tv) Compounds yielding relatively large amounts of water on combustion. si + : Ph 

wm Some of the compounds tested could belong to more than one of these ne groupe, #0 that a any . ‘ 

reduction in the 3:4-benzopyrene content of smoke cannot be correlated with a particular ” 
property of any such compound. For example, all the nitrates tested, with the exception of 

Silver nitrate, would decompose in the cigarette coal to yield the metal oxide, oxygen and 

oxides of nitrogen. All of these except potassium nitrate contain a heavy metal, so that any 

effect could be due to the heavy-metal oxide, oxidation of the hydrocarbon after formation cial 

or prevention of its formation by the inhibiting action of oxides of nitrogen. TT . 128 

Of the oxidising agents tested, only potassium nitrate had any effect. Of the other 

; dj nitrates tested, only the copper salt was effective, and the best results were obtained when - 


this compound was present at levels of 2-5 and 5 per cent.; the effect at the 1 per cent. level 
r was somewhat less. The fact that copper sulphate and other metal nitrates had no effect 
1s _ suggests that the results obtained with copper nitrate are due to some unique property of that 

compound. For example, the molecule of anhydrous copper nitrate can exist undissociated 


_ _ Halides are known to inhibit certain chain but the potassium halides. tested 
Aniline, urea and phenol were tested, as on combustion these compounds were likely tof 
yield radicles that might interfere with the reactions involved in the formation of 3: 4-benzo- ; 


_ pyrene; none of them had any effect. 
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ai both effec and atari gl 4 give rise to relatively large amounts of wate on combustion 
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mn of OF VARIOUS ON 3: OF TOBACCO SMOKE 


ette 

’ presenton pyrene content untreated treated» pyrene content 


d no Ammonium chromic sulphate | _ 


Coppes 
ng a Coppee 4) 


10ke, Potassium chloride 


4 Ascorbic acid 


| Ethylene glycol 


+4 


Aniline .. 


t any ii * “Negative” indicates that there was no evidence of oe in the 3; 4-benzopyrene c content in wa 


a pesca sulphamate was claimed by American workers® to reduce the 3:4-benzo 
pyrene content of smoke by 80 per cent. when present at the level of 2 per cent. on the tobacco 
only and by 45 to 60 per cent. when present at the level of 4-25 per cent. on the paperonly. __ 
- To test these claims, two separate experiments were carried out. Normal cigarettes oo : 
made with untreated tobacco and untreated cigarette paper were used as controls and were — 
compared with (a) cigarettes made from tobacco treated with 5 per cent. w/w of ammonium 
sulphamate and untreated sy gy paper and (4) cigarettes made from untreated tobacco and 


cigarette paper containing 4 per cent. w/w of ammonium sulphamate. The ‘Tesults are. 
_ These results show that treatment of tobacco with 5 5 per cent. w/w of ammonium sulpha- ee : 
‘mate leads to an average reduction of about 60 per cent. in the amount of 3:4-benzopyrene ~ £ 
in the smoke from cigarettes made from this tobacco and normal paper. On the other hand, a 
treatment of the paper only with 4 per cent. w/w of ammonium no 
detectable reduction in the 3: 4-benzopyrene cont 
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BENTLEY AND 


3:4- of smoke from 500 g of cigarettes 


untreated tobacco 


wed: 


this paper and ‘This does not agree with the by Alvord and 


Cardon? os by Lindesy and Ris cowerkorn 1 

_ The levels of 3:4-benzopyrene reported by Alvord and Cardon® are much higher than 

normally accepted for cigarette smoke, and the 3: 4-benzopyrene content of the smoke 
_ from their ne made with treated paper is much higher than t those found by: amend 


3:4 Benzopyrene was determined in main- -stream smoke by the me method 


previously 


_ The various compounds tested were sprayed on to the tobacco as aqueous solutions, a 
rotating drum being used for this purpose in order to make distribution as even as ey 


= 


From each batch of tobacco used, an ent sufficient to make 2000 cigarettes was 


_ removed and sprayed as described above, but with distilled water. Cigarettes made from this 
Cigarette paper impregnated with 4 per cent. w/w of ammonium teetetn was ob- 
tained from Dr. C. Binns, of Robert Fletcher & Son Ltd. td., Greenfield, Yorkshire. = 
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(Bragg Laboratory, Naval Ordnance Inspection Estat Janson Street, Sheffield 
_A procedure is described for determining copper, aluminium, iron, 

af} ‘nickel, zinc, manganese, lead, silicon and tin in aluminium bronze alloys. 
omy Some of the methods used are conventional, but others are developments 

- involving the techniques of spectrophotometry and polarography. The a 
ee is simple and, apart from the time needed for the electrolytic removal 


1 

Tae development of a composite scheme for analysing aluminium bronze alloys was un oe 


taken because existing methods, often based on classical techniques, are lengthy and require ~ 

a high degree of manipulative skill. The approximate composition of the alloys for which = 

the scheme was designed was copper (80 per cent.), aluminium (10 per cent. ), iron (5 per cent.), © 

nickel (5 per cent. ), manganese (< 2:5 per cent.), zinc (< 0-5 per cent. ), lead (< 0-5 per cent.), © 

silicon (0-1 per cent.) and tin (< 0-5 per cent. 

minimise the time and effort needed, it was to 

weighing, to reduce the number of operations to the minimum and to make final measurements ce 

_ The existing procedure used at the beginning of this work involved an initial acid attack 

on the alloy, with subsequent removal of lead and silicon, as the insoluble sulphate and oxide, ‘en 

respectively. Copper was removed from the filtrate by electrolysis and was determined by _ : 

the change in weight of the cathode. — ay It was considered that the simplicity of such operations o*, 

rendered them worthy of retention. On the grounds of accuracy, the gravimetric determina- 

tions of silicon and copper were retained, but an alternative procedure for determining lead - fi 


_was preferred. After solution of the lead sulphate 3 in ammonium acetate solution, the method vi 
used is based on that described by Snyder,’ who recommended that an appropriate aliquot Fe 

of the solution be made alkaline to thymol blue by adding ammonia solution, that potassium | a 
cyanide solution be added and that the lead be extracted into a solution. of dithizone a 
chloroform and then determined spectrophotometrically. However, in our application it 

was not necessary to add potassium cyanide solution, as interfering elements were absent. . 
It was intended that the electrolyte remaining after the removal of copper should be 
diluted to a fixed volume and that all subsequent « determinations should be made on aliquots 
__ A search of the literature indicated that a complex formed between iron, ethylene- e 

_ diaminetetra-acetic acid (EDTA) and hydrogen peroxide had a suitable extinction coefficient. a 
The principle was used by Ringbom, Siitonen and Saxén? for the spectrophotometric = 


mination of iron in the presence of copper. The precipitation of aluminium, not considered _ 

by these workers, was prevented by prior addition of tartaric acid. “The effect of other ‘< 

elements (such as nickel) that form coloured complexes with EDTA, but not with EDTA | 
~ peroxide, was counterbalanced by making measurements against an aliquot of the alloy nie 

solution to which EDTA, but not peroxide, had been added. Cobalt reacts in a a ‘manner 

similar to that of iron, but was absent from the alloys under consideration. = rer 

& _ Reagents for determining nickel generally form coloured complexes having sensitivities — 

in excess of that suitable for accurate measurement at the nickel content to be determined, __ 

so that the use of a difference technique was indicated. Nioxime* was preferred to dimethyl- oe 

_ glyoxime, as the presence of oxidising agents is not necessary for colour development. By ey 

making spectrophotometric measurements against a blank solution containing a slightly — 

lower concentration of nickel than did the test solution, a satisfactory procedure was evolved ; 
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for aluminium, a volumetric technique would be preferable; the procedure recommended — 
_by Sajé* was found to be applicable. An excess of EDTA solution was added to an alum: 


was that, of the limitations attendant on colorimetric reagents 


a the electrolyte solution, and a copper solution was used to neutralise the excess. Sodium 
fluoride solution was then added to form a complex with aluminium more stable than the 
aluminium - EDTA complex, so liberating an amount of EDTA equivalent to the aluminium 
‘present. The liberated EDTA was then titrated with standard copper solution. 
_ _Dithizone,5.* or derivatives having similar properties, is a widely used reagent for : zinc, 


r although it lacks specificity. It was therefore necessary to consider possible interference 


- from other elements present, notably iron, aluminium, manganese, nickel, tin and traces 
of copper. The first three of these elements were without effect, and it was possible to mask 
nickel by adding potassium cyanide solution, only the zinc complex, which is also formed, 

_ being decomposed by the subsequent addition of formaldehyde.” Since for accurate work 
_ it is necessary to determine the traces of copper remaining after electrolysis and since copper 

also reacts with dithizone, the extraction and 


effect on stannic tin, which causes no interference. On these lines, 
for determining zinc and traces of copper were devised. 

Manganese was determined by measuring the colour due to { permanganic acid. anens 

In view of the limited number of colorimetric procedures for tin, polarographic results 

were studied. Half-wave potentials reported in the literature® indicated that tin could be 

_ measured in hydrochloric acid solution and that interferences from the other elements present 
would be non-existent. The effects of changes in hydrochloric acid concentration and of 4 
the presence of sulphuric acid indicated that solution of the alloy in sulphuric acid and the §- 
use of hydroxylamine hydrochloride as reductant would afford suitable conditions for the : 

_ determination. This was confirmed by subsequent measurements on sample solutions. _ 

wat Dissolve 2 2-000 g of sample in 60 ml of a mixture containing 20 per cent. v/v each of 
sulphuric and nitric acids, and heat until nitrous fumes have been expelled. Add 10 ml 
1 of hydrochloric acid, sp.gr. 1-16, and evaporate until fumes of sulphur trioxide are evolved. 


Cool, add 100 ml of water, and boil until all soluble salts have dissolved. Set aside for 1 hour, 
filter through a pad of filter-paper pulp, and wash the residue with sulphuric acid (5 per 
cent. v/v) until free from copper salts. Reserve the filtrate for electrolysis. = 


Determination of lead—Dissolve the lead sulphate by pouring a hot solution of ammonium > 
acetate (approximately 30 per cent. w/v) through the filter, and dilute to 250ml. Toa 
5-ml aliquot of this sclution add 20 ml of ammonium acetate solution and 10 ml of ammonia. 

_ solution (sp.gr. 0-880). Dilute to approximately 75 ml, and extract with 25 ml of a 0-01 per 
cent. solution of dithizone in carbon tetrachloride. With a suitable spectrophotometer, 
measure the optical density of this solution at 535 my in a 1-cm cell against a blank prepared 
by similar extraction of the reagents used. Determine the lead content of the alloy by refer- 


= _ ence to a calibration graph plotted 1 from measurements made on extracts of pure | lead solutions. 


ene Determination ¢ of silicon—Transfer the | pad of filter- paper containing silica a to a platinum 


a ‘crucible, char at 400°C, and then heat at 1000°C for several minutes. Allow to cool in 


a desiccator, record the weight of the residue, and calculate the percentage of silicon in the 
alloy. (It has been found unnecessary to correct for impurities in the silica by the customary 
treatment with hydrofluoric acid, the error arising from this omission being than 
aaa Determination of copper—Dilute the reserved filtrate to approximately 300 ml, and add 
2g of ammonium nitrate. Insert a weighed platinum-gauze cathode and a platinum-wire 
"anode, _and electrolyse the solution at a current density of 2-5 amps per sq. dm. When the | 
- solution is almost colourless, add 1 to 2 g of urea, and continue electrolysis until deposition — 
of copper is complete. “Wash the cathode with water and then with ethanol, dry, and weigh — 
8 Dilute the electrolyte to 500 ml, and use this solution for the determination of the: 
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of these add 1 ml of tartaric acid solution per cent. w 10 ml of EDTA 
juct | solution (0-05 M) and 10 ml of ammonia solution (sp.gr. 0-880). To one mixture add 4 ml 
of 30-volume hydrogen peroxide, and dilute both solutions to. 100 ml. With a suitable 
_spectrophotometer, measure the optical density of the highly coloured solution, with the 
_ other solution as compensating blank, at 520 my in a 4-cm cell. Determine the iron content 4 
of the alloy by reference to a calibration graph pone from measurements made on s solutions - 


Determination of sichd—To. a 10-ml aliquot of the electrolyte solution add 10 ml of 
buffer solution (250 g of citric acid and 350 ml of ammonia solution, sp.gr. 0-880, diluted to 


to 8-70 + 0 *2) and 2 ml of hydroxylamine hydrochloride solution (10 per cent. w/v). Extract 


red. § 200 ml) and 5 ml of gum arabic solution (10 per cent. w/v). | Dilute to approximately 90 ml, ; 
ork | 24d 1 ml of Teepol and 4 ml of nioxime solution (0-8 per cent. in ethanol - water mixture _ 
per J containing 10 per cent. of ethanol), and dilute to 100 ml. Prepare a blank by similarly treating 7 
ina- a solution containing 2-0 mg of iron and 1-600 mg of nickel, and measure the optical density _ 
The of the test solution against the blank in a 1-cm cell at 550 mp with a suitable spectrophoto- _ 
ave meter. Determine the nickel content of the alloy by reference to a calibration graph plotted — ee 
ires | {fom measurements made on solutions containing 2 mg of pure iron and rb ‘6 to 2: mo of wen 
pure nick nickel (corresponding to 4 to 6 per cent. of nickel in in the 1¢ alloy). pie 
Determination of a 50-ml aliquot of the « electrolyte solution 25 ml 
ults § of EDTA solution (0-05 M), neutralise to methyl red with ammonia solution, sp.gr. 0-880, — 
| be and add 10 ml of a buffer solution prepared by dissolving 15 g of sodium acetate trihydrate 
ent in 500 ml of water, adding 5 ml of glacial acetic acid and diluting to 1 litre. Boil for 3 minutes, 
l of cool, add approximately 20 drops of 1-(2-pyridylazo)-2-naphthol solution (0-05 per cent. 
the w/v in ethanol), and titrate with 0-1 N copper sulphate until the colour of the solution just i “4 
the changes to violet. Add 30 ml of a saturated solution of sodium fluoride, boil for 3 minutes, _ 
~ cool, and titrate with 0-1 N copper sulphate until the solution is blue. Calculate the 
content of the alloy from the aluminium equivalents of the copper sulphate and EDTA — a 
‘solutions (obtained from similar titrations of standard aluminium solutions). 4 
SP — Determination of zinc and traces of copper—Withdraw a 25-ml aliquot of the electrolyte _ 
1 of solution, and dilute to 100 ml. To 5 ml of this solution add 10 ml of buffer solution (100 g_ 
a4 of citric acid plus sufficient ammonia solution, sp.gr. 0-880, to bring the pH of the mixture — ar 


a, _ with a mixture of 2 ml of neocuproine solution (0-1 per cent. in ethanol) and 10 ml of chloro- 4 “A f 

per _ form and then with a mixture of 1 ml of neocuproine solution and 5 ml of chloroform. Reserve _ _ 

othe “the aqueous layer forthe determination of zinc, 

ium § |§ §§$_Add 2ml of ethanol to the combined extracts, and dilute ‘to 25 ml with chloroform. __ 

oa Measure the optical density of this solution against pure chloroform at 455 my in a 1-cm cell, - 

nia and determine the concentration of copper by reference to a calibration graph plotted e 
measurements made on similar extracts of solutions of pure copper (adjusted to the correct 


% value). To the reserved aqueous layer add 5 ml of potassium cyanide solution (1 per cent. — 
w/v) and 5 ml of formaldehyde solution (4 per cent. v/v), and adjust the pH to 8-40 + 0- 05 a K 
: adding dilute ammonia solution or dilute hydrochloric acid. Extract the zinc by shaking xs 


vigorously for 1 minute with 20 ml of dithizone solution (0-01 per r cent. in carbon tetrachloride), sa 
dilute the extract to 25 ml, and measure the optical density of this solution at 535 my in a , 
l-cm cell against a blank prepared by extracting the various reagents used. Calculate the _ a 
zinc content by reference to a calibration graph plotted from measurements made on similarly va t 


a ‘Determination. of manganese—To a 25. ml aliquot of the electrolyte solution add 15 ml 


of potassium periodate solution (0-75 per cent. w/v), and boil gently for 5 minutes. Cool, 
- dilute to 100 ml, and withdraw two 25-ml aliquots. To one aliquot add 1 ml of water and te hs a 
to the other add 1 ml of sodium nitrite solution (1 per cent. w/v). Measure the optical density i a 
of the coloured solution against the reduced solution at 526 my in a 1-cm cell, and calculate — va 

_ the manganese content of the alloy by reference to a calibration graph plotted from measure- 4 aS 


ae Determination of tin—Evaporate a 5-ml aliquot of the electrolyte solution until ia 

of sulphur trioxide are evolved. Add 5 ml of water, 2 ml of hydroxylamine hydrochloride 
solution | (10 per cent. w/v) ) and 0-5 ml of gelatin solution © 5 saath cent. . W/V). _ Dilute to 


; 
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25 ml, remove dissolved oxygen by passing nitrogen through the solution for several minutes 

_ and record a polarogram from —0-3 to —0-8 volt against a mercury-pool anode. Calibrate 
_by making measurements on portions of a standard tin solution, = ale an 
The most time-consuming stage of the proposed method i is ‘the rem removal of copper by 
_ electrolysis, but this is unimportant, as lead and silicon can be determined i in the interim. 

The taken to analyse a single is hours. 


wh TABLE I 

"COMPARISON OF RESULTS PROPOSED AND CONVENTIONAL PROCEDURES 

- found in alloy B in alloy C 


“proposed conventional proposed conventional proposed ‘conventional 
"Element "procedure, ‘procedure, procedure, procedure, procedure, procedure, 

0-48, O48 Ol, 0-39 10,0-11 0-08, 0-09 0-09, 0:07 0-08, 0-07 


10, 0. Conventional 0. Conventional 0-03, 0-03 


1 [78 12, 78-14) 78-76, 78-66) 84-33, 84-27 
onventiona. Conven ona. onventiona 
+17, 78-25 71, 78-68 f 94.22, 84:35 A 
00, 4 01 406,402 3-85,3 3-09, 09 09, 3° 13 
—— “85, 38 —, 307,310 —, 


10-63, 10-56, 10-47 10-21, 10-22 10-16, 10-21 6-82, 6-87 686, 6-92 

110-63, 10-61 10-20, 10-24 — 684,687 — 
Not _ 0-030, 0005 Not 


0-020, 0-020 determined 0:025,0-030 determined 0- 017, 0-025 determined 


0-20 0-095, 0-11 — 0-23, 0-23 0-23, 0-26 


010,012 0-10, 0 0-23, 0-19, on os, O18 0-1 | 
Ades x _In Table I results by the proposed method are compared with those found by more 


s 


7 17, 0- 
l 


7,0 
8, 
6, 


_ by adding an excess of potassium iodide solution and then titrating with sodium thiosulphate 
solution; nickel was separated as its complex with dimethylglyoxime and was determined 
_by titration with potassium cyanide and silver nitrate solutions; aluminium was separated j 
as its complex with 8-hydroxyquinoline and was determined by titration with potassium — : 
bromate - bromide mixture and sodium thiosulphate solution; lead was determined by an | 
alternative dithizone method,” and zinc was s determined polarographically after after separation — 


pape paper is ‘published by pe permission of the Admiralty. 
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Determination of 


_ By J. H. THOMPSON anp Miss M. J. RAVENSCROFT 


(Ma Test Inspection Branch, Post Office Engineering De 


A method is described for determining copper in lead and lead cable- 
heathing alloys. The sample is dissolved in a hydrogen peroxide - acetic hi 


acid mixture, converted to a chloride solution, and copper is extracted with 
diethylammonium diethyldithiocarbamate in carbon tetrachloride. After 
destruction of the organic ligand, the pH of the solution is adjusted to between 
8 and 9-5 and the blue copper - biscyclohexanone oxalyldihydrazone complex 
is formed. The optical density of the blue complex is measured alias es a 
photometrically at 595 my, and the copper content is read from a calibration 
Staph. The usual amounts of antimony, tin, cadmium, bismuth, tel rium, 


react under the conditions poser: also pass into the organic phase and often interfere } 
= the subsequent optical-density measurements. In order to separate ee “a 
copper from lead it is necessary to perform the extraction from a solution 4 to 6 N in hydro- — SI 
chloric acid.1_ In so doing, metals such as bismuth present in the alloy are removed at the io 
_ same time, and a correction has to be applied to the optical- density readings to allow for any one la 
interference. _ If, alternatively, extraction is carried out from ammoniacal citrate solution, 
bismuth is again removed with the copper. Bismuth may be present in lead and lead 
oo alloys in significant amounts, and consequently it was apparent that a modified re 

or alternative absorptiometric method was desirable for use with these materials, mh: 
A procedure for determining copper in certain high-alloy steels has been developed in | 
these laboratories. Copper is separated as its dithizonate in a carbon tetrachloride solution _ ae 
and, after destruction of the organic ligand, the determination is completed by measuring 
absorptiometrically the blue copper - biscyclohexanone oxalydihydrazone complex. — Success- 
ful attempts have been made to develop a procedure for determining copper in lead and lead 


‘ 

Initially, tests wen carried out to check the use of oxalyldihydrazone 


for determini directly in a buffered sample solution by a procedure similar to that — 3 a 


silver, zine an arsenic: encountered in the do not interfere. 


_used by Haywood and Sutcliffe* for determining copper in ferrous materials. Low results ; 
were obtained owing to significant fading of the blue colour, especially with higher concen- E 
_ trations of copper, as subsequent formation of a blue precipitate containing lead and copper — oe 

_ took place. The approximate degree of fading for a solution of 250 mg of lead in 100 ml ve F 
. ranged from negligible at 0-01 per cent. of copper to 30 per cent. in 30 minutes for 0-1 per ay 
cent. of In view of these findings it was ob obvious that ‘preliminary ‘separation was 
were carried out in which | an extraction with dithizone was 
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THOMPSON AND RAVENSCROFT: : THE DETERMINATION or 
‘solution, but it 1 was ‘shown that copper ‘dithizonate could be quantitatively : =e from a | 
_ solution 0-25 N in nitric acid; it was therefore a simple matter to determine copper in plain 
‘ lead and alloys B and D by a method similar to that used for copper in steel? — Alloy E 
_ (containing 0-4 per cent. of tin and 0-2 per cent. of antimony) could not be treated in this 
. ‘way owing to possible co-precipitation errors that would accompany the separation of meta- 
_ stannic acid from dilute solutions of nitric acid. A hydrogen peroxide - acetic acid mixture’ 
2 os as used alternatively as solvent for this alloy; citric acid was used to prevent precipitation 
a of the lead, excess of peroxide was destroyed by boiling, and the acidity was adjusted with 
~ a trichloroacetic acid. Copper was then removed and determined as previously, except that J 
a } reagent blank had to be accounted for. Good results were obtained by both procedures. dt 
In spite of the success, it was considered desirable to provide one single procedure that. 
‘could be used for the analysis of plain lead and all three cable-sheathing alloys. Further 
modifications of the dithizone separation were ignored, and the alternative dithiocarbamate. 
method of removing the copper’ was arbitrarily applied. Concentrated hydrochloric acid 
_ does not present a rapid method for dissolving lead alloys, and consequently hydrogen peroxide 
and acetic acid, as recommended by Hamilton,® were used for this purpose. Excess of 
"peroxide was destroyed by evaporating the solution just to dryness, and 6 N hydrochloric 
acid was then added to form the extraction solution. Copper was separated by means of 
-a solution of diethylammonium diethyldithiocarbamate in carbon tetrachloride. — The 
<4 a complex was destroyed with an oxidising acid no seg before proceeding with the oe 


Diethylammonium diethyldithiocarbamate solution—Prepare. al pe per cent. "solution « of 

diethylammonium diethyldithiocarbamate in carbon tetrachloride. 
is _ Oxidising acid mixture—Mix 1 volume | of si sulphuric « acid, sp.gr. 1-84, 1 volume of nitric m 
“acid, sp.gr. 1-42, and 2 volumes of perchloric acid, sp.gr. 1-70. > ‘al 
eri: Citric acid solution—Prepare a 25 per cent. w/v solution of ‘itil acid in water. it bs 
a-N aphtholphthalein indicator solution—Prepare aOl r cent. solution of the te 


Biscyclohexanone oxalyldihydrazone solution—Prepare a 05 ‘per ‘cent. solution of the 

_ Standard copper solution—Prepare a 1 solution containing 25 pe per r ml by dissolving 


spectrographically pure copper in a small il volume of 1) 


- Dissolve 0-25 g of sam — in a mixture of 5 ml of water, 5 ml of 100-volume hydrogen — 
g P ydrog 


7 peroxide and 2-5 ml of glacial acetic acid in a 125-ml conical beaker covered with a watch- 
glass. Boil the solution gently, evaporating almost to dryness, and remove from the source 

7 of heat immediately the final vigorous effervescence has taken place. Wash the watch-glass 
A and sides of the beaker with 6 N hydrochloric acid. Add about 40 ml of this acid, and warm is 
, a the beaker to dissolve the precipitated lead chloride. Allow the solution to boil, and then © 
cool to room temperature. Transfer the solution to a 100-ml separating funnel with 6 N- 
_ hydrochloric acid, and extract successively with three 10-ml portions of diethylammonium 
-diethyldithiocarbamate solution and finally with 10 ml of carbon tetrachloride . (Metals 
= such as bismuth are removed with the copper, and to ensure that the extraction of copper 
is carried out quantitatively these metals must be completely removed; consequently it may 
necessary to use more than three portions of the extraction solution.) Combine the 
extracts in a 125-ml conical beaker, and add 5 ml of oxidising acid mixture. — Cover with a 
_-watch- glass, and heat gently to remove carbon tetrachloride and then strongly to sa on | 
“the remaining organic matter. Ensure that the solution is evaporated until fumes are © 


: _ evolved and that the solution is completely colourle a on to > destroy all the — 
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matte can a cause sie high Cool to wash the ‘watch-glass 
and sides of the beaker with distilled water, diluting to about 20 ml, and add 5 ml of 25 per 
cent. w/v citric acid solution. Adjust the pH to between 8-0 and 9-5 with ammonia solution, 
sp.gr. 0-880 (see Note), and transfer the solution to a 100-ml calibrated flask. Place the 
flask in a thermostatically controlled water bath at 20°C, and add 5 ml of 0- 5 per cent. 
biscyclohexanone oxalyldihydrazone solution. (A temperature of 20° C was chosen arbitrarily 


countered at lower temperatures; é.g., , below 15° Cc formation of the copper complex is some- 
times delayed.) Shake the flask, allow the colour to develop for 5 minutes, and adjust nysil 
volume to 100 ml with distilled water at 20°C. 

Shake well, and measure the optical density of the solution with a  saediitdibotaiater ee 
at 595 mp in a 1-cm cell with the instrument adjusted against a reagent blank solution. 7 “ 
Read the copper content of the alloy under test from a linear calibration graph plotted f from Pe 
a range ¢ of standard ‘copper er solutions tl that have > been ti taken n through the procedure. — 7 Ante, 


Norz—Use narrow. -range indicator in strips of ath inch to adjust the Carry 


a out a check by placing 1 drop of test solution and 1 drop of «-naphtholphthalein indicator solution 
Ss 0-5 cm apart on a filter-paper. As the drops merge, a distinct blue colour is observed when _ 


the pH of the test solution is in the correct range. Any indeterminate colours or colours yu El aie 
_ when the spots approach each other but do not merge must be > anag 


for any length of ti me, 


4 The most range of copper concentrations in the final is 
25 to 250 wg per 100 ml, 7.¢., 0-01 to 0-10 per cent. of copper in a 250-mg sample. | It is, 
however, a simple matter to extend this range, over which Beer’s law is obeyed, by adjusting a 
the weight of sample. If a larger sample is used, care should be taken to ensure that sufficient ee 
6N hydrochloric acid is present to retain the lead chloride in solution before the extraction 75 
of copper is carried out. For higher concentrations of copper, an aliquot of the sample — 
solution may be conveniently used to carry out the analysis. 
_ The effect of other elements present in lead cable-sheathing alloys o on the determination ne 
of copper was examined; 1-2 per cent. of antimony, 0-8 per cent. of tin, 0-5 per cent. of cad- ra 
mium, 0-1 per cent. of bismuth and 0-01 per cent. each of tellurium, silver, zinc and arsenic ey 
did not interfere. These are the maximum concentrations likely to be encountered in the Aa 
analysis of these alloys, but: t there is ‘no in indication - _ that higher amounts would cause = 
- Recoveries of known amounts of copper from synthetic alloys prepared from sell 
<a shown in Table I. _Optical-density measurements were made with a Unicam P50) 
; spectrophotometer. "The composition of the lead cable-sheathing alloys included the app 
mate maximum amounts of the impurities and alloying elements listed in the British Standard, 
v1z., 0-005 per cent. each of of silver and tellurium, 0-05 per cent. of em , 0 002 per cent. 


RECOVERY OF FROM LEAD ‘CABLE- SHEATHING ALLOYS BY THE PROPOSED METHOD 
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of zinc and 0- 01 per cent. of other elements (including cadmium i in alloys B and E) _ Alloy B | can 


Contained 0-85 per cent. of antimony, alloy D contained 0-5 per cent. of antimony and 0-25 per | is sl 
cent. of cadmium and alloy E contained 0-4 perc cent. of tin and 0-2 per ¢ cent. of f antimony. 1. fo : 
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Stoicheiometry_ of Titration of Calcium, Magnesium | and 


‘Simon at Low w Concentration ¥ with EDTA, with the 
Metal: Indicators Murexide and Eriochrome Black 


By ODD GJEMS 


{ 


(Insti nstitute of S Soil Science, Agricultural College of Norway, Vollebekk, eehieed 


The titrations of calcium, , Magnesium and manganese to determined 28 il 
_ colours of the indicators murexide and Eriochrome black T were compared = 
with values calculated from the theoretical formulae. The results chow 
that the titration of calcium at higher « values is stoicheiometric within “i 
the accuracy of the titration. . For the titration of magnesium at room — - 
_ temperature there is a difference between the calculated and the observed — z. = 
values. _ As this error is greatly reduced by titration at elevated od temperature, — ari i 
it is thought to be due toa slow rate of reaction, 
_ The titration results for manganese with Eriochrome black T as indicator meh T 
were in good agreement with the theoretical. However, a small discrepancy _ ia 
between titrations at room and elevated temperatures also indicated a slow 
_ In the presence of calcium and magnesium, manganese can be calculated ote 
the difference between the titre for calcium, magnesium and manganese 


together with EDTA, Eriochrome black T being used as indicator, and the — 
titre for calcium p/us magnesium after manganese has been removed with se 
sodium diethyldithiocarbamate and carbon tetrachloride. The choice 
organic solvent for the extraction is discussed. = = 


‘iteidiiiaiiaiiaiae titrations of calcium and magnesium: with EDTA. (disodium ethylene- 
_ diaminetetra-acetate) have been used increasingly in the past 10 years, and the volume of 
literature on this subject is continually growing.'.*.3.4,5 Blaedel and Knight® have studied 
_ the stoicheiometry of the titrations of calcium and magnesium by a high-frequency technique; 
they used metal concentrations of approximately 2 x 10-* M and found that the titration 
was stoicheiometric within relative errors of approximately 0-05 per cent. for calcium and = 
0-1 per cent. for magnesium. Ringbom and Vanninen’ and Fortuin, Karsten and Kies® have = 
developed the theory for photo-electric complex-formation titration with metal indicators. — 
_A similar theoretical treatment has been applied to visual titration. The colour of the 
-end- -point in a visual titration is determined before the titration is carried out. The colour 
at the equivalence-point is, however, influenced by the stability constants of the complexes — 
and the concentrations of metal and indicator; this can lead to a titration ¢ error. _ This error 
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1960], MAGNESIUM AND MANGANESE AT LOW CONCENTRATION WITH EDTA 


can be calculated from the law of mass action. An error can arise if the rate oli reaction eos 4 


is slow; it can, however, be reduced by increasing the titration temperature. = = = = ts 
this paper, formulae are developed for complexometric titration to a 
end-point colour, and ‘reas are compared \ with results for titrations of calcium, mag-— 


centrations of the metal-containing indicator. 
4 
16 gat = total concentration of titrant (EDTA). 
concentration of metal-co containin anions. 


stability constant of MY .. 
i ot) : stability constant of MI 


A GENERAL EXPRESSION ‘FOR THE TITRATION— 
total ‘concentration of EDTA in the titrated by. 
(MY) + (Mj. + + [MA] 


1s total concentration of EDTAi is obt: 
ats) { 


Qu. 
pay 


4 (The as inside the brackets before Cy is the theoretical value of the dite and the. product a 
of the terms after the minus sign is the theoretical value of the intercept.) ee: a 
The stability constants in equation (9) may be designated as “apparent” in 


with Schwarzenbach’s! “ ‘scheinbare Indikatorkonstanten,” because they on the 
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Zc Eniochrome Diack I,* the slope depends not only on the colour-change ratio, bu 
lexes §' also on the indicator concentration. The intercept, however, is always a function of the oP ; a, 
error § concentration of the jgaglistiiebeatetieieietiees Of the slope from unity increases with increasin ae i. 


| 
GJEMS: | STOICHEIOMETRY OF TITRATION OF CALCIUM pu . 
values of « and increasing ratios of the stability constants of the metal - indicator complexes 
_ = the stability constant of the metal- EDTA complex. The intercept depends on this 
tm = as well as the absolute value of the stability constants. a The numerical value of the 


The elec of other ions bound to the metal i is to increase the value of the intercept. ae, 


P ‘The colours of murexide and, especially, Eriochrome black T are not particularly stable 

at high pH, and it is therefore desirable to use coloured reference ne to the 

_ REFERENCE COLOUR STANDARDS FOR TITRATION OF cALCIUM— 

7 Two di different colours between the red of calcium murexide and the violet si calcium. free 

murexide w were These colours corresponded to the ratio = =0 85 anda = om = 0. m, 


where Cis the concentration of murexide used in the titrations —_— = 2 8 x 105M ). _ These 


colour determinations were carried out in test-tubes with a comparator. Artificial standards 
identical to the two _chosen colours were prepared from Gentian violet and methyl red. 
Mixtures of 0-6 ml of 0-01 per cent. Gentian violet with 0-25 or 0-30 ml of 0-01 per cent. 
methyl red in 100 ml of water acidified to about pH 3 with sulphuric _ — the desired 
coy COLOUR STAND DARDS FOR TITRATIONS OF MAGNESIUM AND MANGANESE— 


Two. different colours were e chosen 1 between the | red of metal Eriochrome black y ale the 


blue of metal-free Eriochrome black T. The colours chosen corresponded to the ratios 
a=08 and «=0-9. The indicator concentration, C,, was 18x 10-*M. The com- 
- parator method was used and the results were controlled with a Beckman DU spectrophoto- 
meter at 6150 A, i.e., the wavelength of maximum absorption of the metal-free dye. 
"Artificial standards were prepared from methylene blue and methyl red. Mixtures 

_ of 0-70 ml of 0-01 per cent. methylene blue with 0-10 or 0-14 ml of 0-01 per cent. methyl re red 
in 100 ml of water — to about pH 3 with sulphuric acid gave the desired colours. — ™ 


EDTA 0-003000 M solution of EDTA v was prepared from the 
dihydrate as a primary standard after purification and drying by Blaedel and Knight’ s 
_ A similarly prepared solution of EDTA was checked against a primary zine standard, 
prepared from metallic zinc (Merck). The results from ten titrations gave an assay value 


; of — 074 per cent. of EDTA, the standard deviation of a single titration being 0-11 per cent. 


Standard calcium sc ‘solution—A 0-01869 M solution of calcium chloride was s prepared from 
calcium carbonate as a primary standard. _ From this stock solution, a 0-001495 M solution 
' was prepared by dilution. The calcium carbonate was prepared from calcium acetate by 
8) dissolving 5 g of calcium acetate (Baker’s Analyzed) in 500 ml of water acidified with 1 ml 
of concentrated acetic acid. . Calcium was precipitated as oxalate by adding to the hot calcium 
solution 50 ml of a warm solution of 5 g of ammonium oxalate. The coarse-grained precipitate 

; was spun in a centrifuge and washed twice with water. After it had been dried at low tem- 
perature, the precipitate was ignited in an electric furnace at 500° + 25°C toconstant weight." 
‘The residue was moistened with 1 ml of a saturated solution of ammonium carbonate, dried 
at 120°C, and weighed. The moistening with ammonium carbonate solution | and drying 
were repeated ; the residue, however, did not change in weight. 
A standard calcium solution was also prepared from calcium | (Merck) as a 
primary standard. Within an error of +0-1 per cent. no difference was found by titration 


with EDTA between this and the specially prepared primary standard. 


_Murexide indicator, powdered—A 0-2-g portion of murexide (Merck) mixed with 50 g« ne 
sodium chloride and ground to a fine powder, 
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Methyl red solution, 0- Ol per cent. 
Water—Water distilled from Pyrex- apparatus and assed 

Dowex ! ion- exchange resin, 


Pi | Tol-, 2-, 5-, 20-ml aliquots of 0-001495 M calcium solution in Oe 200-ml 
flasks were added 2 ml of potassium hydroxide solution; each solution was then diluted so 
that the total volume after titration would be gerry 50 ml. Separate 50-mg portions 


RE + 


at the end- meri of the titration and treated enueatte ~ the method of least squares ia 
shown in Table I. The slope and intercept can be calculated from equation (9) by using an 
indicator concentration, C;, of 2: ‘8 x 10-5 M and apparent stability constants at pH 12, 

cay = 10%, K,, = 105 and Koon = 25, as given by Schwarzenbach.! Agreement between. 
the observed and theoretical values is good. Although the end- -point - is not exactly at th 
equivalence-point, ‘it may be concluded that at a, values above | 0-97 the titration is s stoicheio ta 

Titrations of calcium in of hy rdroxylamine hydrochloride an and otas 


ratios 


of 


4 85 09963 + 00006 —0-0029 00007 
0-9988 + 0-0005 0005 00068 


4 Standard EDTA ‘solution—! used. for the titration of calcium. 
F Standard magnesium solution—A 0-02563 M solution of magnesium was prepared from 
Pons reagent grade magnesium sulphate heptahydrate (Merck) after dehydration by 
_Blaedel and Knight’s method. From this stock solution a 0: — M solution was prepared 
__ Buffer solution, pH 10—A solution of 67-5 g in ammonium chloride in 670 ml of concen- 
trated ammonia solution was diluted to 1 litre with water. 
Methylene blue solution, 0- Ol per cent. 
q Potassium cyanide solution, 2 per cent. 


Hydroxylamine hydrochloride solution, 10 per cent, 

Eriochrome black T solution—A solution of 0-05 g of Siiteetate black T (British Drvg 
Houses Ltd. ) and 2 g of hydroxylamine hydrochloride i in 100 ml of methanol. ee Mae oa) 
The purity of the Eriochrome black T was determined by Diehl and Lindstrom’s method. P 
| The absorbancy at pH 10 of the dye dried in a vacuum desiccator over phosphorus pentoxide | 

was measured with a Beckman DU spectrophotometer at 6150 A; the value of Ej, was 278. 

The E}%, value for the purified dye deduced from Diehl and Lindstrom’s observations (calcu- — Pa 
lated as sodium salt from the molar extinction coefficient of 32 ,300) was 701, which gives 
a for the British of 40 cent. The 


-, 10- and 20- ml aliquots of 0.001268 M magnesium solution in ‘separate 
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G 
and 0-5 ml of potassium cyanide solution; each solution was then diluted : so > that the total 
_ volume after titration would be approximately 50 ml. To each, 0-2 ml of indicator solution 
was added, and magnesium was titrated with standard EDTA solution to the same colour 


‘The results, “treated sta in the same way as those. shown in 
Table II. The slope and intercept were calculated by using an indicator concentration, 
C, of 0-0018 mM and apparent stability constants at pH 10 » Kur y = 10820, Kyu 105-4 


we 


= 10758 as given by Schwarzenbach = 


CALCULATED . AND OBSERVED VALUES FOR “THE ‘TITRATION OF ‘MAGNESIUM adr. a 

Value of hes Standard ‘Number of 


na a atthe Intercept, deviation, deter- ae 


(10157 50-0002 


09 01540-0013 00011 00007 10 


‘It can be. seen from Table II ‘that both ‘the slope and intercept are higher than those 
‘calculated. _As this might be caused by slow rate of reaction, the titrations were repeated 
ata higher temperature, as recommended by de Sousa.¥ ~The temperature chosen was 
_ 60° C; results for these titrations are also shown in Table II and indicate better agreement with 


Observed - 


7 the calculated values. At higher temperature the colour change is less sharp than at room 
temperature, but for both the standard deviation and mean error are small, so that the repro- 
- _ducibility of the titrations is satisfactory. A separately standardised solution of EDTA is, J ch 
_ however, required for determining magnesium at these concentrations, since the end- -point § ex 
differs significantly from the equivalence- point. The use of colour comparison is imperative, 


4 a fact also pointed out by Connors. A suitable colour is 

~~ Potassium cyanide and hydroxylamine hydrochloride are not necessary when titrating 1 - 

_ pure solutions; similar results were obtained without these reagents. They have, however, J ,, 
_ a marked stabilising effect on the indicator, preventing a fast fading of the colour. . Asthey § ~ 
_ had no visible influence on the colour change, uny we were included, especially as they are— -_ 


essential when impure solutions are to be titrated. 


TITRATION OF MANGANESE 4& 


Sandan ED manganese solution—A 0-01593 M solution of manganese was prepared from 
analytical-reagent grade manganese sulphate tetrahydrate (Merck) after drying at 600°C. 
From this stock solution a 0-0007965 was by dilution. 


| 
_ Various aliquots of 0-00 0007965 Mi manganese solution were titrated with standard EDTA 
‘solution. The titrations were carried out at 20° and 60° C by the same procedure as used for 
magnesium. Hydroxylamine hydrochloride in the solution prevented oxidation of the man-— 
ganese. _ The buffer solution should, however, be added to the solution immediately before 
_ titration, as longer standing causes results that are too low, especially at higher manganese 
Owing to its complexing effect on manganese, addition of triethanolamine before the 
titration, as recommended by Pryibil,® gives a less sharp colour change in this concentration 
nee it also increases, in accordance with equation (9), the value of the intercept. 
Snor The yoesenes: of f potassium cyanide is not necessary when titrations are carried « out with 
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M AND MANGANESE A LOW CONC paTion WITH EDTA 


pure and it its had no influence on the results or colour change at « = 0- ‘8 
and 0-9. It has, however, a favourable effect on the stability of the indicator, probably “ee 

by masking traces of the heavy metals always present, even in analytical-reagent grade 
materials. Potassium cyanide is therefore included, as its presence | is necessary when impure ee 
a a ~The ‘Tesults, calculated in the same way as those for calcium and magnesium, are shown 

but the stability constant of the complex of manganese with EDTA is high; Kyay = 101-79, Be 
The sharpness of the end-point colour change indicates a favourable ratio between this and i 
the constant of the manganese - indicator complex. Owing to this, the results are in - re 
agreement with that corresponding to stoicheiometric titration of manganese at both tem-_ aa 
"peratures. _ The decrease in the slope at elevated temperature, although smaller than that a 


found for mangesium, might also indicate a slow rate of reaction. The of 


the. ead OBSERVED VALUES FOR THE TITRATION OF MANGANESE | 


illimol 


& 60 1-000 40-0012 


‘chrome black T being used as indicator. Manganese can be removed from an aliquot by a 4 
extraction with sodium diethyldithiocarbamate and carbon tetrachloride!” and the sum of ron ee 
magnesium and calcium determined by the usual titration with EDTA. Manganese can @ 
then be calculated from the difference between the two titres. 


Stock solutions con containing 2 2027 millimoles of calcium, 0-5485 of, 
al from 0 to 1-486 millimoles of manganese per litre were prepared; the sum of _ 


elements was determined on 10-ml portions by titration with EDTA. 
a. Separate 25-ml partions of the stock solutions were adjusted to about pH 3 and dilute 

‘to 50 ml in calibrated flasks. The samples were transferred to separating funnels, about | 

50 mg of sodium diethyldithiocarbamate and a little solid hydroxylamine hydrochloride were 
added to each, and the funnels were shaken for a few minutes.!® Separate 25-ml portions of * 
carbon tetrachloride were then added, and the funnels were shaken for about 10 seconds; 2 

after a few minutes the carbon tetrachloride layers were run off. This procedure was nse: 4 
until the organic layers became colourless. Separate 20-ml portions of the aqueous layers — me 
were titrated for magnesium lus calcium. Manganese was then calculated from ‘the 


difference between the two titres. 
Seven duplicate determinations of manganese were treated statistically by the 
of least squares, leading to the regression equation— 
meg 
‘The residual standard deviation \ was 0" 002, and the standard error of the s slope \ was 0 : 0: “0057 
Melated. ant Bray® proposed extraction with sodium 
and isoamyl alcohol or chloroform for the removal of metals. The choice of 
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_ solvent is important, as water may dissolve in the organic solvent and be removed, thus 
Ps giving rise to an increase in concentration in the aqueous phase, and the organic solvent may f 
a dissolve in water, thus decreasing the concentration in the aqueous phase. Table IV shows 


_ observed residual volumes of aqueous phase based on the concentration change of a stand- 
ardised magnesium solution after extraction with different amounts of isoamyl alcohol, 
; 7 together with theoretical values calculated from the solubility ratios. The errors are expected 


ths 


_ to be less if chloroform is used instead of isoamy] alcohol, and still less if carbon — a 

is used. With the latter, no error could be > Observed in my 

VOLUME OF AQUEOUS PHASE AFTER ONE EXTRACTION ‘WITH isOAMYL ALCOHOL 

it Volume of aqueous phase— 

alcohol to water calculated ple on? found, 7 


_ express my appreciation to D. ‘3 Lydersen for valuable discussions and K. Rutherford | 
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he Use of Ton-exchenge Enrichment i in n the 


at 


4 Dep artment of Chemistry, University of Cape ame 
in sea water enriched by an ion-exchange procedure. This procedure depends ‘orld 


the fact that none of the major constituents of sea water can form anionic 


chloro complexes in the presence of small amounts of hydrochloric acid, hatefirla 

‘va _ whereas many of the trace elements, such as bismuth and thallium, form m strong mets ens Ce Be 
complexes in 0-1 hydrochloric acid. 


The sea water (0-25 ton) was treated with | snfiicient redistilled hhydro- 
chloric acid to make the solution 0-1 N and was allowed to flow very slowly _ ss 


ae 4 through a small column of a strongly basic anion-exchange resin (Amberlite ae F 


IR-400). _ After this sorption stage, the column was washed, and some of poces 
the trace elements were eluted. The resin itself was ignited, and the ash 
By this technique, enrichment factors of up to 2 x 10? were achieved. ny 
Risk of contamination was small, as only one reagent was used throughout and fay 
_ this was easily purifiable. A further advantage of the method was that the shies 
amount of hydrochloric acid added to form complexes with the trace elements — an 
was much less than would have been necessary if a non-saline water had mI 
been used. This is because the concentration of chloride in sea no il 
was high enough to assist substantially in the formation of the complexes. — 
Results for the abundance gold and cadmium in sea 


“table whe the volume distribution coefficients (Dy) of nearly all the elements of the periodic — 


table when their solutions in different concentrations of hydrochloric acid were brought into Ee 
equilibrium with the strongly basic anion-exchange resin Dowex 1. A striking characteristic 
of their results is the fact that none of the common elements in the earth’s crust can form 
a strong chloro complex in solutions 2 N in hydrochloric acid, whereas many of the trace 
_clements form very strong complexes. — The elements forming strong complexes 3) Ja 
_ hydrochloric acid are listed below in order of decreasing magnitude of Dy. Unless other- ee 


_ wise stat stated, the values refer to the highest oxidation of the 


- Au (Dy = 104), Tl, Hg, Bi, Sb*+, Sn, Cd, Zn, Re, Ag (Dy = 100). 
: In addition, the platinum metals all form strong complexes. — Iron forms a very weak a ae 
(Dy = 10) and can therefore be easily separated from other more strongly adsorbed elements. 
i ~” Techniques for the anion-exchange enrichment of trace elements in silicate rocks have ‘eat 
_ been developed, in which the chloro complexes of the trace elements are adsorbed on an ee 
anion-exchange column and separated from the major constituents of the In 
_ considering the application of these techniques to the determination of trace elements i in sea ipl 
_ water, it was obvious that large enrichment factors would have to be attained for the deter- poe 
mination of extremely rare elements, such as cadmium, bismuth or gold. I was, in fact, af 
_ able to achieve enrichment factors of up to 2 x 10’, owing to three important factors. First, 
since the “sample” was already in solution no reagents had to be used to effect solution. 
Secondly, the values of the distribution coefficients for the elements to be studied (gold, — 
_ bismuth, cadmium and possibly thallium) were so great that only a small column was necessary ee 
to effect adsorption from a large volume of sea water. Thirdly, the most important factor — 
was that, since sea water is already 0-5 M in chloride ion, the formation of chloro complexes ais 
was likely even without the addition of hydrochloric acid. The acid was added, ae 
to minimise the danger of hydrolysis or reduction of the trace constituents, pet, the amount, 
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‘The apparatus is in Fig. 1. The sample was ina 10-gallon carboy 
and was fed into the first of two sedimentation bottles by means of an arrangement whereby — 
. a constant level of water was maintained in the bottle. The first sedimentation bottle was | 
connected to a second by a siphon tube, and the second bottle fed the ion-exchange column 
__- Via a second siphon tube. The siphon tubes were also connected to small inverted bottles — 
to obviate ‘ “breaking” of the siphon by bubbles of gas in the sea water (only one of these 4 
inverted bottles is shown in Fig. 1). Sedimentation was an efficient means of removing — 
solids suspended in the sea water. As an added precaution, a cotton-wool plug was placed © 2% 
in the column to effect further filtration. ath Od stew 
‘The ion-exchange column was of small dimensions (0-5 sq. cm x 13-2 cm), and it was 
calculated that such a column would quantitatively absorb from 250 litres of | sea water 
those elements having distribution coefficients greater than 38,000, thallium, bismuth, 
Hilger large- quartz spectrograph | was used the final determinatior 


Fig. Diagram of apparatus used 

_ Although Kraus and his co-workers obtained comprehensive results for the distribution i 
coefficients of zinc, bismuth, gold, thallium and cadmium, their work was carried out with e 
pure solutions in hydrochloric acid, and it was to be expected that the chloride content of sea 
water would radically affect the values of the coefficients for a given concentration of acid. A — 
knowledge of the precise values of Dy for zinc and cadmium under these conditions was 
necessary before these elements could be determined quantitatively in sea water. The 
values of the distribution coefficients for gold, thallium and bismuth were so great that the RB 
- chloride content of sea water was not likely to decrease them below the critical value (38,000). __ 
‘The precise values of Dy for cadmium and zinc in acidified sea water were determined { 
as follows. _ A 1-g portion of “dried i ion-exchange resin (Amberlite IR-400) was placed in each 
of four 100-ml conical flasks, and to the resin in two of the flasks were added 50 ml of 0-001 N 

hydrochloric acid and about 500 yg of cadmium or zinc. The remaining two portions of — 

resin were similarly treated, except that the acid was prepared in sea water instead of distilled _ 
water. The flasks were agitated for 24 hours, and aliquots of their contents were analysed — 
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absorptiometrically with dithizone. ‘The acidities of the solutions were e then 
0-01 N by adding hydrochloric acid and sufficient distilled or sea water to restore the mer 0" 
to 50ml. This procedure was repeated with 0-1, 1, 2 and 3 N hydrochloric acid. _ Saar 
yo _ From the results so obtained were plotted curves showing the distribution coefficients — 
as a function of acidity. . The curves for zinc and cadmium are shown in Fig. 2, the , results — 
of Kraus and his co-workers being also included. These curves show that the high concentra- Be wot * 
tion of chloride in sea water results in greater values for the distribution coefficients at low 
of acid than would otherwise be obtained. 


October, 1960) 


Fig. 2. Distribution « coefficients for cadmium and zinc in acid and in or uf 
ea water acidified with hydrochloric acid: curve A, cadmium in sea water; curves B and | 7 
C, cadmium in hydrochloric acid; curve D, zinc in sea water; curves E and F, zinc in yg tr 
hydrochloric acid. (Curves Ca and F plotted fro from results found by Kraus and Nelson’) 


DETERMINATION | OF GOLD, BISMUTH AND CADMIUM IN “SEA WATER 


_ This experiment was carrie! out with 250 litres of sea water, to which was added sufficient 


redistilled analytical-reagent grade hydrochloric acid to adjust the acidity to 0-1N. The ig 
acid could have been purified by an ion-exchange technique, but as this involved prior ; a. 
purification of the resin by elution, , distillation was preferred. Tests on the purified acid sh 
showed that cadmium and gold were absent, but small traces of bismuth and zinc were oe 
present. However, the amount of bismuth present was later found to be oe Ke — cent. | 

_ After acidification, sufficient bromine ‘water was added to the sea wees to adjust the 
concentration of this element to about 10 p.p.m. This was to ensure that any thallium © 

was present in the thallic state (thallous ion is not adsorbed), to prevent reduction of the 


£25 


was 120 ml per han: and about 100 days were required for the sorption stage. ’ After tel 
tion, the column was washed with 2 N hydrochloric acid and then eluted with 1 litre of 0-25 N 
nitric acid. The effluent was evaporated to dryness and collected in the sodium chloride ~ 
matrix. _ The resin itself was ignited, and the ash was collected in a similar matrix. The | 
two samples were analysed spectrographically, together with the blank. — = i 


cadmium and zinc (at 3067, 3261 and 3345 A, respectively) in the effluent nadie ~ Thallium 
appeared to be absent, and the line for zinc was somewhat diffuse, which precluded its accurate Ris 
measurement. The antimony line at 3267 was used as an internal ‘standard, "and working 
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. a curves were prepared for the determination of the cadmium, gold and Seats Results 
for the abundance of bismuth and gold in sea water were obtained directly from these curves. 
These results, together with those of other workers for comparison, are shown in Table I. 
‘Since the column was not long enough quantitatively to retain all the cadmium, a figure 
CA 
he 0-008 (Noddack, I., e¢ a 
po (Haber, 


OF GOLD, BISMUTH AND CADMIUM IN SEA A WATER = 
Amount found per ton of sea water by— 
(Stark, 


-1 to 0-2 (Caldwell, W. E.22) 
015 to 0-4 (Hummel, R. 
0-2 ( 


1 


Cadmium 


082 to 0-057 (Mullin, J. vet al. 


‘comparison with other workers’ results, but several ace observations can be made. 
First, as far as can be ascertained, this is the first time that anion- -exchange enrichment 
has been applied to the determination of trace elements in sea water. Most of the methods 
_ for determining gold involve fire-assay procedures at some stage, although Hummel’s work 
involving neutron activation" is of particular interest. My result for gold is in reasonable 
agreement with those found by Haber® and by Noddack and Noddack.® The last-named 
= _ workers reported a figure for bismuth some ten times greater than that found by me, but 
7 Goldschmidt" has stated that he believes this figure to be inordinately high in proportion 
to the amount of bismuth in rocks-and ‘and the solubility of its compounds as compared with th those 
It is hoped soon to extend the investigations described in this paper to other deme 
and to obtain further results for bismuth and cadmium, since knowledge of the abundance — 
these in sea water is at Present incomplete. fo 
al thank } Mr. J.J. du Plessis, Division of Fisheries, for permission to use their panlea 
facilities at the sea-front, Sea Point, Cape Town. I also thank Professor L. H. Ahrens, 
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el. 
Dioxide and Total ‘Carbon in n Silic te. Racks and Minerals" 


re-cycling air in a closed-circuit system has been 
al — to ‘the determination of water, carbon dioxide and total carbon in silicate fe ee 
a a and minerals, and pieces of apparatus for these determinations are 
a _ described. Blank values are always smaller than those found when conven-_ 

= apparatus is used. Results by the proposed methods are compared with ae 


In the method commonly used for determining total water in silicate rocks and minerals,1;? Py i“ 
as much as 10 to 15 litres of air are drawn over the sample contained in a heated silica tube, 
usually by means of an aspirator. This considerable volume of air must be carefully dried > 
by passage through a suitable desiccant, such as calcium chloride, silica gel or anhydrous a 
magnesium perchlorate. The last-named absorbent tends to cake badly and must be replaced 
By using a small electric pump and re-cycling the air through the apparatus, ‘the large 
amount of desiccant normally required can be replaced by a much smaller amount of mag- 
_nesium perchlorate, which can be used for many determinations before being replaced. The 
ods - principle of of circulating air in a closed system can also be applied to the determination 4 
ork “moisture” (water evolved at 105° C), carbon dioxide, total water (by a fusion procedure) — oe 


able and total carbon (by oxidation with chromic acid). — As the amount of air circulating within — 


but § with those obtained sal the conventional apparatus is used. — 
tion therefore preferable, for determinations on a or semi-micro scale. 


rah s _ For r this determination, the apparatus shown in Fig. 1 has been devised. It consists 
| of a closed-circulation system comprising a small electric pump, a heating chamber main- — 
may tained at 104° to 106° C- ae means of boiling ero alcohol, two Pret the tubes and a 


a in the system is then dried ot by parked ae: the pump for about 30 minutes. Tube A is aoe il 


rar and replaced, the sample is inserted, and the circulation of air is continued until all water ae 

Uses evolved from the sample has passed into the absorption tube. In practice, the apparatus — a : 
— | is kept running for about 2 hours, as this period has been found sufficient to drive over all ; 
os the water, including any that may condense on the cooler parts of the heating chamber Tr. 

. The blank value, 7.e., the increase in weight of absorption tube A when the determination i is 

To carried out without the insertion of a sample, is less than 0-1 mg. Ae spas aha 

os Tube A, which is used in place of the more conventional U-tube, contains a paper spiral 

wes F that prevents clogging of the magnesium perchlorate when large amounts of water are absorbed. 


Co. | The open end of the tube, fitted with a B7 ground-glass joint, is closed with a } Cap | during i 
weighing. When fully packed, the tube and cap together weigh 20 to 25g. isk 


coo ae _ ‘The conventional method of determining water evolved at 105° C is ito dry the sample to Pe 
constant weight by heating ir in al an electric oven or in a » toluene bath. 12,8 This procedure is 

wae * Present address: D.S.I.R., Warren Spring Laboratory, Stevenage, Herts. 


iN Several small-capacity pumps have been used; the most satisfactory was obtained from B Boughton 
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AND WILSON: SYSTEMS FOR 
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é iso Buty! alcohol magnesium perchlorate 


_ simple and gives results in agreement with those found by the proposed method (see Table ): 
‘its use is therefore generally to be preferred. The loss in weight measured by such a method, — 
however, will be affected by the relative humidity of the atmosphere at the time. Further, . 

certain rocks, ¢.g., those containing chlorite, are very hygroscopic and are difficult to weigh 
accurately after drying. ~ For such rocks and for those in which ferrous iron readily undergoes 


oxidation, the proposed procedure is to be preferred. 


“Morsture” CONTENTS OF SOME SILICATE 1 ROCKS pe 
Samples: were ‘taken from the collection of analysed rocks, Geological S Survey of 


Britain ; the numbers are laboratory serial numbers 


Rock ma material at 105° C,* method, 
1771. Granite, Burn of Roerwater, Shetland 0-20 0-2 
1042. Tonalite, Strontian, Argyllshire 0-75 0-7 
1004. Augite-andesite, Carrick Hills, Maybole, Ayrahire | 103 
1478. borehole near Caunton, Notting hamshire . (13 
1744. Altered basalt (now largely chlorite), Fallgate 3- 


hese results are new determinations and not previously p published some poner 
_ rocks have variable moisture contents, e¢.g., those containing chlorite. 4 


com ite apparatus used for determining total water is shown in Fig. 2 and i is based on ol 


a electric pump is ros 9 into an on tube containing magnesium perchlorate and soda 
. asbestos, over the sample and then through a weighed absorption tube (of the type described - 


_ above) containing magnesium perchlorate. The circulation is completed through a bubbler § 
_ containing orthophosphoric acid, which indicates the rate of flow of air through the apparatus, ' 
b 
n 


A current of air from a oo | 


and finally back to the pump. ~ The end of the silica tube is separately heated to between ~ 

300° and 400° C and is packed with basic lead chromate, which retains oxides of sulphur’; 2 

copper wire and silver pumice have also | been _ used® for this purpose. - The v wide end of the 
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Glass wool!” 


perchlorate Yorn 


Soda ~ NAn 
asbestos "Magnesium 


perchlorarel_ 
t t t 
Fig. 2. Apparatus for determining total water 


bung mere Bt used in this apparatus made it Senne to increase the temperature of ber gl 
furnace to over 1000° C, as silicone rubber is more resistant to heat than is ordinary rubber. oh 
The air within the apparatus is first dried by operating the pump for 1 hour, during — 
| which time the packing heater reaches its operating temperature. The weighed sample is 
then inserted, and the determination is completed in the usual way.?* The blank value, 
i.é., the gain in weight of the absorption tube when the sample is omitted, is less than 0-1 mg 
per determination. For the conventional apparatus described by Groves,# the blank value 


is 1-7 to 2-0 mg, although this can be reduced to about 0-5 mg by closing the silica tube with ro 


"Results for the water of some silicate rocks by the ‘proposed are sho a 


fusion method described on p. 752,00 


taken the « of analysed tocks (see Table 
4783: Tonalite, Clounlaid, Morvern, Argyllshire |. 1-35 


1628. Lamprophyre, Salen, Lock Sunart, Argyllshire _ 
1697. Rhyolite, 1700 yards N.W. by E. from Hope Bowder 
Church, Church Stretton, Shropshire 


; 1448. Picroteschenite, Lugar Sill, Lugar, Ayrshire . 

a 1698. Andesite, Middle Hill, near Church Stretton, Shropshire 

the 1612. Porphyritic obsidian, Sandy Braes borehole No. 3, 7° oe - 

an Staurolite, St. Gotthard . a \ ae. 1 ‘51 62 

To render results by the different methods strictly comparable, those results obtaine 


on sent 


minations 2 the other methods so as to eliminate changes due to Pane 4 in moisture 


= 


by the conventional method represent determinations carried out at the same time as deter: 
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ensure that same temperature was nse in in both and open- 


OF TOTAL WATER BY FU: BY 


it shown in Fig. ] 1 can be used for the determination a total water by replac- 
ing the heating chamber by a silica test-tube closed with a silicone-rubber | bung. Air is 

- admitted to the test-tube through a silica delivery tube and removed through a short length 
of glass tubing. As it is not possible to heat the test-tube to 1000°C without some decom- 
4 position of the bung, it is preferable to use a fusion procedure with the apparatus in this form. 
_ Sodium tungstate has been used for such determinations by Wiskont and Alimarin’ and 
: Boye workers. 4,8 _ Although it forms a mobile melt, sodium tungstate is not a particu- 


ia ‘of borosilicate melts, water vapour is liable to be srokinen : in the melt, with consequent 
3 = By combining sodium tungstate and borax glass i in equal ‘proportions, complete fusion 
a is readily attained; the melt is fluid and does not retain entrapped bubbles of water vapour, 

y and decomposition of the sample is complete, as is shown by the transparent melt. For 
decomposing a 0-5-g sample of silicate rock, 2 g each of borax glass and anhydrous sodium 
. tungstate are needed. The fluxes and the ‘sample are mixed in a platinum boat, which is 
then inserted into the silica tube and heated to about 800° C. Fe The "is case of even 


ct. 
; Results found by fusion with Slit tungstate and borax, as described above, for a 
‘number of rock and mineral samples are shown in Table II. For most of the rocks examined, 
results by the fusion procedure are in good agreement with those found by other methods. J 
When discrepancies exist, results by the fusion procedure are higher, illustrating the well 
known difficulty of ‘Temoving all the all the water from refractory silicates by ignition. aa 
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October, 1960) WATER, CARBON DIOXIDE A AND TOTAL CARBON IN 10 
. The apparatus used for this determination is shown in Fig. 3 and differs from that 
generally used only by the inclusion of a closed air-circulation system and the incorporation 
of a pressure chamber. The procedure used for the determination is the same as that used 
___ When diluted orthophosphoric acid (1 oa 3, v/v) | was used for the decomposition = 
_ silicate rocks containing carbon dioxide, the average blank value was less than 0-1 mg per _ 
_ determination ; hydrochloric acid, generally used for this determination, gave a reagent blank __ 
_ value of 0-8 mg per determination. _ These values should be compared with the reagent blank ps Oe 4 
value of 1-5 2-0 mg per determination for the conventional apparatus when hydrochloric 


Le Some results found for carbon dioxide by using g the closed-circulation sy: system < are shown | 
in Table III, together with results found by the method described by Harwood,® in which __ 
le CARBON DIOXIDE ‘CONTENTS OF ‘SOME ‘SILICATE ROCKS be 
were ta taken fro from th the of analysed 1 rocks (see 1 Table. 1) 


described by proposed 


1064. Granite, Voe, Delting, Shetland .. 


q 1009. diorite, Close Quarry, Embleton, Cockermouth, Cumberland 


1628. Lamprophyre, Salen, Lock Sunart, Argyllshire .. .. 
1071. Camptonite, Allt Feith Mhic Artair, Kingairlock, Argyllshire rigger 
Black Ven marl, Bridport, Dorsetshire .. 
1327. Altered quartz-dolerite, Whin Sill, Settlingstones Mines, Newbrough, 
a Dixon’s orthophosphoric - chromic acid method?® for determining total carbon can oe 
_ modified by incorporating a closed-circulation system. — _ With the addition of a second flask, — 
in m 4, to retain water distilling from the acid mixture, the closed- 
in. 


Fig. 4 Apparatus for carbon 
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used for carbon dioxide (see Fig. 3) can be used for the 


both carbon dioxide and total non-carbonate carbon. = | 
Ag sample of rock material is weighed into flask A (see Fig. . 4), and 5 5 ml of water are 
_ placed in flask B. This water is heated under gentle reflux to prevent the accumulation of 
carbon dioxide in this part of the apparatus, and the determination of carbon dioxide is 
completed i in the usual way, 30 ml of diluted orthophosphoric acid (1 + 3, v/v) being used. 
oe ‘When this stage of the determination is complete, the weighed absorption | tube is replaced, 
eg 30 ml of orthophosphoric - chromic acid mixture are added, and the determination of non- 
_ carbonate carbon is completed as described by Dixon, Water from the diluted orthophos- 
_ phoric acid used in the first part of the determination is collected in flask B and kept boiling 
_ throughout the remainder of the determination. Towards the end of the distillation from 
flask A, the colour of the contents changes from yellow-brown to green. The — 
_ should be discontinued before this change i is complete, as further heating at this stage results 
in an excessive reagent blank value. With the closed-circulation system, the reagent | blank 
_ Value was 0-7 mg per determination, compared with 2 to 3 mg for Dixon’s procedure. wen 
_ Low recoveries of total carbon were noted for some silicate rocks containing considerable 
amounts of graphite. Dixon used two reaction flasks to ensure complete oxidation, but the 
_ closed-circulation system should not require a second flask, and we attribute our losses to 
the tendency of graphite particles to adhere to the upper parts of the flask and so to escape 
oxidation. For such samples, it is better to determine the carbonate content of the material 
_ separately and, in the determination of total carbon at the conclusion of the oxidation, to 
remove flask A, rinse its walls with water, add a further 30 30 ml of isha eeis bain 


acid mixture, and and repeat the oxidation. 
Some results of determinations of non-carbonate carbon in silicate rocks are aaniai in 
Table IV, together with results by Dixon’s procedure. is _ Agreement between the results by 
the two methods is satisfactory, although for some rocks slightly higher results were obtained 
by the proposed procedure. This is possibly caused by oxidation of some of the graphite 
_ to carbon monoxide, which, in Dixon’s procedure, is not collected. In the closed-circulation 
procedure, passage through the boiling orthophosphoric - chromic acid mixture would ome 


Non-ca “CARBONATE CARBON CONTENTS OF OF SOME SILICATE ROCKS 
Samples were taken from the collection of analysed rocks (see Table I) 


fetamorphic limestone, Lock Tey ‘limestone, ‘Dalradian a" 
Cowall, Argyllshire 0-17 
1036. ‘Slate, Skiddaw Slate, Mungrisdale, 
1034. Slate, Skiddaw Slate, Bassenthwaite, Cumberland — 
1017. 4. Sillimanite-gneiss, Beinn Gaire, Moidart, Inverness- shir 
1617. Black Ven marl, Bridport, Dorsetshire 
The sets of apparatus shown in Figs. 2 and 3 have been ¢ eth over a number of years 
in this laboratory, and certain features of eo were designed by Mr. C. O. Harvey, to whom 


b 


de Hillebrand, W. F., “The salle of Silicate » and Carbonate Rocks, ” ’ US. Geological Survey 
Bulletin No. 700, Washington, 1919, p. 217. 
Hillebrand, W. F., Lundell, G. E. F., Bright, H. A., and Hoffman, J. L., “Applied Inorganic 
bone. Analysis,” Second Edition, John Wiley & Sons Inc., New York, 1953, p. 828. ts 
3 3. Washington, H. S., ‘‘The Chemical Analysis of Rocks,” ” Fourth Edition, John Wiley & Sons Inc., 


“4 New York, 1930. re 
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a Assay of Crude Drugs 
(MITTEE OF THE _PHARMACEUTICAI 


In 1956 the Pharmaceutical Society of Great Britain and the Society for Analytical Chemistry yee oa 
| formed a Joint Committee to investigate methods of assay of crude drugs. Early in 1957 a — +t a 
working Panel was appointed to examine methods of assay of rauwolfia; the Panel consisted *~ * 
of Mr. C. A. Johnson (Chairman), Mr. T. Davies, Mr. F. G. Farrell, Mr. ‘J. J. Lewis and Mr. © 
A. W. Peacock, with Miss A. M. Parry as Secretary. _ Mr. Farrell resigned from the Panel at | 
the end of 1958 and was succeeded by Miss B. Gartside. 
Panel’s terms of reference were— 


wala investigate ‘methods of a assay y for rauwolfia and its ‘ates with particular 


regard to the content of reserpine and related alkaloids.’ 


_ This report of the Panel describes a recommended method of assay for rauwolfia r root an 


extract and discusses its limitations. It also describes certain other approaches that verge 
been mate to the determination and gives the reasons these abandoned. 


 Rauwolfia is principally used in Great Britain for the of reserpine, al- 

though a large number of species has been reported in the literature, the main source materials 

are R. serpentina and R. vomitoria. Species of rauwolfia contain a considerable number of 

alkaloids that are mainly indole derivatives and may logically be divided into four groups, , as 


TUN 


t) The strongly basic y yellow. -coloured anhydronium: compounds, typical of which are 
serpentine (I) 


alstonine an ahtions -isomer of I) and serpentinine. The pK, values of these bases are from 10-4 _ 
to 11 0. _ The setae action of this group of alkaloids has been variously reported oe 
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(ii) The moderately b basic tertiary: indoline of of which the most abundant is 


Gla 


‘Others are isoajmaline, rauwolfinine, and tetraphyllicine. The pK, 
of bases of this type are from 8-15 to 8-3. Although somewhat different from one another in 
_ their mode of pharmacological action, they are all reported as — the tranquillising and 


_ Typical of these is reserpinine (III). 


_ Ajmalicine (y-yohimbine) is 11- -desmethoxyreserpinine. Others ; are aricine (CH,O— group ‘al 
in the 10- instead of 11-position) and reserpiline (CH, o— groups in the 10- and 11-positions). J 


The pK, values of this group of alkaloids are between 6-0 and 7:5. _ Few pharmacological 
data exist for this group of alkaloids, which appear to make little or no contribution to the 


(iv) The weakly basic alkaloids with a carbocyclic ring E. The fundamental ring s skeleton 


a: Members of this group are a number er of isomers | of yohimbine and ie sarpagine or 
raupine, the only phenolic alkaloid of rauwolfia that has so far been isolated. — - there i is 5° 


— 
— 
Octok 
— } __by different workers, and it seems generally agreed that they do not Nave the Characteristic peal 
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+, __ A subdivision of the group, and all-important pharmacologically and commercially, ” 
consists of alkaloids having the general structure (V) and esterified at position 18. 
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These consist of reserpine | 


deserpidine* | = H; R’= —O cS —OCH, for indole 


alkaloids, the | pK, values are in the : region of 6 to 7. jr pits clotiege 

PUBLISHED METHODS OF ASSAY oF: RAUWOLFIA— 


Many methods have been suggested for the assay of rauwolfia, and it would be impractic- © 
able to refer to themall. The n main approaches, with th representative examples, are described ¥ 
a Determination of total alkaloids—This is the method given in the British Pharmaceut- | 
ical Codex, 1959, although it seems probable that the weakly basic anti-hypertensive alkaloids Pe, roi 
would not be included in the “total”’ figure.? _ Since reserpine forms only a small proportion - 

of the total alkaloids present and since the ratio of reserpine to other alkaloids may vary 
greatly from sample to sample, this general method was not considered by the Panel. en 


Separation and determination o the weakly basic alkaloids as a group—The separation 


methods described in the literature are based on (a ) methods*.* or 


When separated, the anti- hypertensive | alkaloids, which in R. serpentina and R. 
are and rescinnamine, have been | determined by c one of the procedures li listed below. 
) Fluorimetrically, after heating the alkaloids is with sulphuric ac acid,® mixtures ures of 
(iv) By reaction 1 with sodium r nitrite and sulphuric tel Ay 
Determination of the combined reserpine and rescinnamine content of rauwolfia should, 


if satisfactory, provide a useful index to the therapeutic and commercial value of the sample. 7 : 


| After a consideration of these methods, the Panel decided that the separator extraction method 
and subsequent colorimetric determination with sodium nitrite, offered most — 
i 
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based on (a) liquid - liquid partition chromatography, (6) counter-current extraction™.5§ coll 


and (c) paper ionophoresis," * the alkaloid being usually determined in the separated fractions § 

_ by ultra-violet absorption spectroscopy. Counter-current methods could not be subjected § 

to collaborative test because the necessary apparatus was not available. Published work on 
7 approaches (a) and (c) indicates that most of the proposed methods are tedious, and the 
Panel considered that such procedures would be unlikely to find favour as routine methods of 
p assay. - One use of partition chromatography was examined, since it seemed a simple and 
_ ingenious approach to the problem. This was the procedure described by Carol and his 
_co-workers,® who separated the weakly basic alkaloidal fraction on a column, hydrolysed the 
alkamine esters, extracted the trimethoxybenzoic and trimethoxycinnamic acids derived from | was 
the reserpine and rescinnamine, respectively, and subsequently determined these two acids, 
we and hence the alkaloids, 3, by using a spectrophotometric method and employing a two-point 


he collaborative work of the Panel was s therefore with two possible methods— 
A. Separation of the weakly basic alkaloids and then hydrolysis and spectrophoto- hie 
metric determination of the resulting acids. 
Mey _ Separation of the weakly basic alkaloids and then colorimetric determination cen 
_ EXAMINATION OF METHOD BASED ON AND SPECTROPHOTOMETRIC Thi 


After variable results. had been obtained by the Panel when the published method was § eth 


applied to rauwolfia, an examination was made of the ultra-violet absorption characteristics § alk 
be trimethoxybenzoic and trimethoxycinnamic acids. This led to the discovery that solutions § chi 
_ of the latter acid and also of rescinnamine undergo rapid and considerable change in ultra- § of: 
prt absorption characteristics when exposed to daylight. Full details of the work of the J Pa 
Panel in this respect have already been published.” A light source causes more 
complete decomposition of both rescinnamine and reserpine, as shown by Ljungberg.?® It cer 
was concluded that, without modification, this method of my proposed by Carol and others § col 


In an extension of this inv estigation, attempts were made to assay solutions containing 
‘ b ‘mixture of trimethoxybenzoic and trimethoxycinnamic acids by irradiating the solutions 


with ultra-violet light until the light-absorption characteristics became constant. Results 
were calculated by reference to extinction values obtained for similarly irradiated standard 
_ solutions of the individual acids. All members of the Panel obtained good recoveries of the 
two acids from mixed solutions, but there were differences in the reported extinction values 
of the standards, probably because of variation in irradiation conditions. _ When attempts 
were made to apply this principle to the determination of rauwolfia itself, results were un- 
‘Satisfactory, and it was thought that a considerable amount of work would be required before 
_areliable procedure could be recommended. _ Such work would be more suitable for individual 
trial, and it was therefore decided to abandon this approach. 


_ EXAMINATION OF METHOD BASED ON EXTRACTION OF) WEAKLY BASIC ALKALOIDS AND THEN 
——_——— DETERMINATION BY THE SODIUM } NITRITE PROCEDURE— 


The colour is s developed by the addition of dilute s sulphuric acid and sodium nitrite solution 

= to an ethanolic solution of reserpine. After being set aside for some time, the solution develops 
-a greenish yellow colour, which has a maximum light absorption at about 390 my. This 
method was first described and examined by Szalkowski and Mader"; later, Haycock and 
Mader" showed that the 11-methoxy group and the A, B and C ring skeleton of reserpine 
_ (see formula V) are necessary for the formation of the coloured complex. It follows that the 
reaction has a considerable degree of specificity, and it has been shown that many other 
indole alkaloids, such as yohimbine and strychnine, do not respond. Among the weakly 
_ basic alkaloids of rauwolfia, both reserpine and rescinnamine give the reaction, but deserpidine 
(11-desmethoxyreserpine) does not. The last-named alkaloid, which has anti-hypertensive 
activity, has not been reported in either R. serpentina or R. vomitoria, but both reserpine and 


_ rescinnamine are present, and thelr ee activities have been | reported by various 
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w to similar: 19,20 a The first stage of the Panel’s work, was to carry out 


results with those given by soar) Aris 


__ At first, a method based upon that of Szalkowski and Mader was applied. A solution of 


ac cid, and, after ied to a definite volume, the extinction value of the solution was” 
and measured. at 390 mp. In practice, it was found ‘that to 300-pg amounts of reserpine 
1 his § in a volume of 20 ml gave suitable extinction values. 
1thef | Work by members of the Panel showed, however, that 1 hour at laboratory temperature Fh, 
from § was not sufficient for development of the colour, and a time of 3 hours was agreed upon. Good _ 
cids, § agreement was obtained within each laboratory for the E}%, values of the final coloured solu-— 
tions, but inter-laboratory results varied between 360 and Similar results were obtained 
when a standard solution of rescinnamine was treated by the same procedure. It was thought 
ds—§ that the differences between laboratories might be due to variations in instruments, and a _ 
wr a was made by circulating an alkaline solution of potassium chromate and three wy 
| high-grade, N.P.L.-checked filters—Chance OV2(A), OV2(B) and OX1. Results obtainedon 
___ | the chromate solution were variable, but those on the filters showed agreement within 1 per 
ation § cent. At this stage it was agreed that each laboratory should rons its own calibration ie 
_ § ~__ Samples of reserpine and rescinnamine were next subjected to the ‘proposed extraction — 
and separation procedure for-rauwolfia root, based on that of Banes and his co-workers.* 
TION § This consists in extraction in a Soxhlet apparatus with ethanol for 4 hours, dilution of an 3 
ee | aliquot with 0-5 N sulphuric acid and then extraction of the aqueous ethanol with trichloro 
* was § ethane, which is discarded. The reserpine and rescinnamine ar are then separated from other 
istics j alkaloids by extracting the acid solution with chloroform. A suitable aliquot of the — — 


chloroform solution is evaporated and used for the colour-development stage. Recoveries SP 
r reserpine were complete, but those for rescinnamine were about 2 to 3 per cent. low. The alld ee 
Panel agreed that recoveries of this order were satisfactory, 
When the method was applied to samples of rauwolfia root, aisha of up to +15 «a B a 
were obtained, and it was decided to examine the of 


shown to be insufficient in certain instances when chen alone was used as extracting 


sult 

a | solvent. Preliminary maceration with ethanol acidified with dilute acetic acid was 
alues | Extraction with trichloroethane—When “pure r reserpine corr rescinnamine was 
mpts , subjected to the method without the trichloroethane stage, the results were the same as _ 
e un- ‘then found when the full extraction procedure was used. It was therefore clear that — 


none of the required alkaloids was lost at this stage. If the trichloroethane stage was 
omitted during a determination of rauwolfia itself, however, higher contents of a 


(iti) Extraction with chloro form—The Panel showed ‘that solutions of te reserpine in 

- chloroforom deteriorate when exposed to daylight, a fall in extinction value of nearly | 
5 per cent. being noted within 14 hours. It is therefore that stage 

dove be carried out as rapidly as possible and i in subdued light. 
This ‘ita ; - (iv) Evaporation of the chloroform—The effect of removing the solvent at various 

- and 4 temperatures under streams of air and nitrogen was examined. No significant differences = ae 
it the =  (v) Time of colour development—An outside collaborator reported that he had 
other obtained lower extinction values than had members of the Panel when preparing a 

eakly f —calibration graph with pure reserpine. He proved that this was due to the lower temper- 
ature of his and suggested that the of colour development proposed 
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been § 
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° in prot hereby the final soluti heated at ss 
rious _ 22° C, and a change in propedure was adopted, whereby the final solution was eated at £0 — 
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‘a BB C for 30 minutes to develop the colour. The effect on the slope of the calibration 
Ad graph of developing the colour under various conditions is shown in Fig. 1. The import- 
_ ance of colour- -development time and conditions in this reaction is still not appreciated ff 

___ by some workers; only recently, a time of only 1 hour at room temperature was Pre- 


Extinetion of at 


ito nik 
Concentration of reserpine, yg per 
reserpine when determined by the nitrite 
curve A, colour developed for 3 hours at 25° 


curve B, colour developed for 3 hours at 21° C: i + s 
curve C, colour developed for 3 hours at 11° C Ry he 


D, colour developed for 3 hours at 7° 


The graph obtained when colour is developed 


at 55° C for 30 minutes is identical with curve A fo 
materials was made. The findings are incorporated in the proposed assay procedure for 
reserpine-type alkaloids in rauwolfia root and extracts (see Appendix I). When this method 
was applied to samples of rauwolfia and extracts, the inter-laboratory variation was consider- 
ably reduced. The results in Table II show a maximum spread of about + 4 per cent. and 
_a coefficient of variation, in the least satisfactory set of results, of 2-7 per cent. In the opinion 
_ of the Panel these a are acceptable, and it is unlikely that the reproducibility could be 
further improved. Table II includes some results for a sample of R. mombasiana, which 
~ occurs in Kenya and is thus a possible source of reserpine in British Overseas Territory. _ 
_ During the examination of extraction conditions, a test was required for the detection 
of trace amounts of reserpine or rescinnamine. A study of many possible reactions, con- 
veniently listed by Cheng Sun,” showed that the colour reaction with vanillin and hydrochloric 
acid was the most satisfactory. It was found to be sensitive down to 1 yg of pure reserpine or 
rescinnamine and to about 5 pg when drug extractives were also ogre __It is unlikely that 
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‘The extinction values found w when the recommended procedure for colour develop: a ten 
Pp’ 
was applied to pure reserpine are shown in Table I. Table II shows the results found by the — 
method in I for alkaloids in samples of rauwolfia roots 


reserpine reserpin 
at 


0-174 0199. 08528 6-71 


Methods for the determination of reserpine and similar alkaloids in have 
examined. For routine examination of samples a procedure based on that described by _- 
Banes and his co-workers*® is recommended. Certain modifications have been made to the 4 
method, and these have resulted in increased precision in collaborative trials, 


j _ The Panel wish to make grateful acknowledgement to Ciba Laboratories Ltd d. and to 


_'RESERPINE-L -LIKE ALKALOIDS IN RAUWOLFIA A AND ‘EXTRACTS 


all 
ba After preliminary extraction of the root, the weakly basic alkaloids are re separated and ~ 
determined colorimetrically by a method based on their reaction with sodium nitrite and sul- _ 
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Ethanol, 95 per cent. v v/v— —Analytical- reagent grade. 
Acetic acid solution—A 5 per cent. v/v solution of analytical- reagent grade — acetic 
Sulphuric acid, dilute—An approximately 0-5 N solution of sulphuric acid in water. te | 
afl Sodium hydrogen carbonate solution—A 2 per why aqueous of 
_ reagent grade sodium hydrogen carbonate. This solution should be prepared freshly as 
es ~ Sodium nitrite solution—A 0-3 per cent. w/v aqueous solution of analytical- reagent grade 
— sodium nitrite. This solution should be prepared freshly asrequired. = | 2 
_ Sulphamic acid solution—A 5 per cent. w/v aqueous solution of sulphamic acid BP 
solution should be prepared freshly as required. 
_ Reserpine—To comply with the test described in the British Pharmacopoeia, 1959, 
p. 563, and the requirement that the value of E}%, for a standard solution prepared as described 
below and subjected to the recommended procedure for colour development should not be 
less than 390, calculated on the dried substance, eee 
" a Standard solution of reserpine—Prepare a suitable amount of standard solution according 
_ to the following description. Dissolve 25-0 mg of reserpine by moistening with 2 ml of 
95 per cent. ethanol and then adding 2 ml of 0-5 N sulphuric acid and finally 10 ml of ethanol. + 
nf When warmed gently the reserpine readily dissolves. Cool the solution, and nd dilute t to 7a 


100 ml) with | 95 Sper cent. ethanol. ‘Get 


_ The entire assay procedure should be carried out minieial from the light : as - as 
possible, and the alkaloids should be allowed to remain in chloroform for the minimum seed 
time. - The use of grease as a lubricant for taps should be avoided. + ee a 
___ Weigh accurately a suitable amount (see Note) of sample, ground to pass through af 
60-mesh sieve, and triturate it with 10 ml of acetic acid solution. Set the mixture aside for 


 atus, ‘and extract for 4 hours with ethanol. During extraction, the apparatus should be 
shielded from the light. Transfer the cooled extract, concentrated if ‘if necessary, to a 100-ml 
calibrated flask, and dilute to 100 ml with ethanol. 
eg ams 20 ml of the extract toa pe funnel containing 200 a of dilute sulphuric 


and discard the organic Extract the v weakly basic "eikaloids from the aqueous 
acid solution by shaking with 20 ml and then with 5 portions, each of 15 ml, of chloroform. 

_ Wash each chloroform extract with the acid in the second separating funnel and then with 
2 portions, each of 10 ml, of sodium hydrogen carbonate solution in two additional separating 
funnels. Filter the chloroform extracts through a small plug of cotton-wool into a 100-ml 
_ calibrated flask, dilute to the mark with chloroform, and mix thoroughly, = =  — 
eda Transfer duplicate 20-ml portions of the solution to boiling tubes, and evaporate to dry- 

mess on a water bath in a current of warm air, protecting the tubes from the light. To the 
_ contents of each tube add 10 ml of ethanol and 2 ml of dilute sulphuric acid, and warm to 


__ In one tube (the test solution) place 2 ml of sodium nitrite solution. Mix each. of the 
solutions, and heat the tubes in a water bath at 55° C for 30 minutes, protecting the solutions 
from the light. Cool, place in each tube 1-0 ml of sulphamic acid solution, and transfer the 
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contents to a 


Determine the extinction at 390 my of a 1-cm layer of the test solution, , using tl the second bs 
solution (without nitrite added) in the comparison cell. 


a Compare the value obtained* with a calibration graph prepared as described below at a 
the same time as the test, and hence calculate the percentage of res erpine ike alkaloids in the x ee 


g Notze—For whole-root ot R. and R. vomitoria, which contain between 0-10 
and 0-40 per cent. of reserpine-like alkaloids, use2°5g. 
a “ _ For root- bark — of R. vomitoria, which may contain more than 1 per cent. of eo pe -like 


__ For extracts of rauwolfia, dissolve a suitable amount, dependent on the concentration, in 100 m 
of ethanol, and continue as described above, beginning at ‘‘Transfer 20 ml of the extract to a separating me 


‘By suitable dilution of the standard solution of reserpine prepare standards containing _ Bie 
100, 200 and 300 wg of reserpinein 10 mlofethanol 


2 ml of dilute sulphuric acid and 2 ml of sodium nitrite solution. Mix the solutions, and heat — 
them in a water bath at 55° C for 30 minutes, protecting the tubes from light. ~ Cool, place 
1-0 ml of sulphamic acid solution in each tube, and transfer the contents to a 20-ml calibrated _ 
flask. Rinse the tube with ethanol, used in small portions, and use the rinsings to adjust the ete 


| By pipette, measure 10 ml of each of these solutions into boiling tubes, and add toeach — oe 


Determine the extinction of a 1-cm layer of each solution at 390 my, using in the com- 
parison cell a blank solution prepared in a similar manner, but containing 10 ml of ethanol 


_ Plot a graph of extinction against concentration of present. 


oe Vv anillin solution—A 1 per cent. w/v solution of vanillin in hydrochloric a acid, sp.gr. 1- wf 
This solution should be prepared immediately before use. her 


___ Evaporate a portion n of the solution suspected to to contain ‘the e alkaloid in a onal wae : 
dish by warming on a water bath until almost dry, and complete the evaporation at ying 


temperature. _ Add 2 to 3 drops of vanillin solution, and mix with the residue by rubbing 
with a glass rod. rod. — A pink colour r develops v within 2 minutes if reserpine or -Tescinnamine is 


5. Carol, J., Banes, D. , Wolff, J., and Fallscheer, H. O., J. Amer. , Phares: Ass., Sci. Ed., 1956, 45, 200. 
6. Kelty, j » ‘Paper presented at 126th Meeting of American Chemical Society, New York, 
— HJ. _Missan, S. R.,  Ciaccio, LL. and Grenfell, T.C., J. Amer. Pharm. — 

_ * For many practical purposes it may be anentey to calculate t results on the basis of an Els value 
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YTICAL METHOD FOR DETERMINING CARBON AND HYDROGEN 
IN FLUORO-ORGANIC COMPOUNDS 


» ; CERTAIN N types of co compound are known to § give low y carbon on and hydrogen values by the slow Pregl 
_ method; for this reason the rapid method proposed by Belcher and Ingram! is used for all deter- 
minations in this laboratory. As the determination of carbon and hydrogen in fluorine-containing : 
-compounds by rapid combustion does not appear to have been dealt with in the literature, a method ’ 
based on that of Belcher and Goulden* has been developed. Magnesium oxide has been used by > 
_ Throckmorton and Hutton? and McCoy and Bastin‘ as an absorbent for the silicon tetrafluoride 
formed during combustion. _ However, Rush, Cruikshank and Rhodes® found that magnesium 
oxide became inactive after a few _ determinations owing to overheating or exhaustion. — They 
therefore proposed the use of magnesium aluminate together with a layer of lead dioxide. The 
7 _ objections to the use of lead dioxide, as found by McCoy and Bastin and many other workers, are 
: - that the results for hydrogen are unreliable owing to dehydration of this particular absorbent; I 
“have confirmed this effect while using the normal Pregl method for determinations of carbon and 
_ hydrogen. Belcher and Goulden used sodium fluoride packed into the combustion tube with 
/ Successful results, the analysis being carried out according to the well known Friedrich method. 
_ The sodium fluoride packing is easily prepared, the operating temperature is relatively low, and 
_ the capacity for absorbing silicon tetrafluoride i is good; the investigation y was therefore carried out § +), 
with sodium fluoride as an absorbent. __ | 


bsorbent. 

A litt 


paste of analytical-reagent — Je sodium ftuoride was n was made with distilled water and baked an: 
110°C. The cake was then made into pellets, which were a sieve, portion 


To avoid disturbing the main combustion tube, a glass tube was constructed and packed with 
the prepared sodium fluoride. The tube was of Pyrex glass, 11 mm external diameter and 190 mm § 
long, which included a beak, 3-5 mm external diameter and 30 mm long, and a B7 socket at the 
opposite end. The stopper was a B7 cone with the end drawn out to a tube, 3-5 mm external dia- 
meter, of total length 30 mm. __ Lugs were attached to both the tube and stopper, which were then 
held firmly together by steel springs. The beak end of the tube was packed with a plug of silver 
wool 5 mm long and a platinum wire along the length of the beak to prevent the condensation of 
water. The prepared sodium fluoride was then packed into the tube to a length of 120 mm, the 
_ remaining space in the tube up to the joint being packed with silver wool. The cone and tube of 
the stopper were the ga filled with silver wool, which conducted sufficient heat to prevent 


aluminium ved 140 mm n long, a centre hole being bored for the sodium fluoride tube and a smaller 
hole below and parallel to the centre hole for an electrical heating element. The tube was attached 
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train then being assembled in the ordinary way. The sodium fluoride was heated to 270° + 10°C; 
a single filling of the tube will last for approximately 200 determinations. The normal procedure | 
for determining carbon and hydrogen was then carried out, halogens and aa a es, neing ; 
absorbed on the ‘normal al silver packing of the main combustion tube dissoae ake 
The results are accurate to within +0-2 pe per er cent. for both ca carbon and hydrogen (see Table I). 
Many types of compounds have been analysed, including those containing, besides carbon, hydrogen fe 
and fluorine, oxygen, nitrogen, chlorine, bromine and sulphur. Fluorocarbons have not been 
analysed, but should not present any difficulties if a weighed amount of a acid is added to: the a 
‘Seventy analyses have been carried out without visible sign of jinn of the silica com- 
bustion tube. The rapid flow rate will carry the hydrogen fluoride formed along the tube for a = 3 
millimetres baiave it comes into contact with the silica walls of the tube, and L by this time it will have : ; 
reached the silica-wool plug placed in the combustion tube at the point « of f entry into the main 
furnace. All, or nearly all, of the reaction between the hydrogen fiuoride and the _" will take 


 ‘Trifluoro-acetanilide 80 5074 $20 $310. 


i q 


_ The proposed method gives results that are within the accepted limits of 
for microanalytical work. It permits analyses of fluoro-organic compounds to be carried out 
rapidly and removes the necessity of having to prepare a separate combustion tube, together with = 
the inconvenience of setting up and conditioning that tube each time such a compound is sub- 


mitted for analysis. With the proposed method analyses can be carried out immediately after the 


sodium fluoride tube has been connected, the furnace has been brought up to temperature and the = 
procedure has been carried out on one unweighed sample to condition the sodium fluoride. Thus, 
ae me is lost and the normal set-up for determining carbon and hydrogen is not disturbed i in 


I thank the Directors of Pfizer Ltd. for permission to o publish this Ni 
1. Belcher, R., and Ingram, G., Anal. Chim. Acta, 1950, 4, 401. 
Belcher, R., and Goulden, R., Mikrochemie, 1951, 36/37, 679. 
| Throckmorton, W. H., and Hutton, G. H. , Anal. Chem., 1952, 24, 2003. "i ity 
McCoy, R. N., and Bastin, E. L., Ibid., 1956, 28, 1776. 
6. Rush,C.A., Cruikshank, S$:'S., and Rhodes, E. J. H., Mikvochim. Acta, 1956, 859. 7 
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| ‘THE DETECTION OF ELEMENTARY SULPHUR BY MEANS OF ACE’ 


ELEMENTARY sulphur can be detected by converting it to thiocyanate! or thiosulphate, 2 ‘wet'i a 
- convenient and sensitive test, applicable when thiocyanate or thiosulphate ions (or both) are 
_ present initially, has been lacking hitherto. We have now developed such a test, although it 
cannot be used when the specimen contains polysulphide. SOY 
_ The test relies on a . striking colour reaction, which was first described by | ‘hin and subsequently 
- investigated by a number of workers.‘ ‘ Briefly, a characteristic bluish colour (‘blue sulphur’’) is 
: _ produced when sodium or potassium polysulphide is treated with various organic liquids and is 
——s intense when acetone is used. This affords a method of detecting sulphur, as this 
_ element readily combines with sodium sulphide (which does not give a bluish colour with acetone) 


in aqueous or ethanolic solution to produce sodium 


Ve 


= sulphide solution, 2 per cent. af, aqueous—Prepare ff from polysulphide- -free material, 
Acetone—Analytical-reagent grade. 


sl Place 1 drop of the test solution in a 1-ml porcelain crucible, add 1 drop of s sodium _— 
solution, and then immediately add 0-5 ml of acetone. The production of a blue or greenish blue 
colour denotes that the specimen contained elementary sulphur. _ The colour produced varies with 
the concentration of sulphur; when this is sufficiently low, the reaction mixture becomes sky-blue, 
- but, with larger concentrations of sulphur, a greenish tinge is introduced because the acetone 
_ For a solid mixture containing particles of sulphur, place a few milligrams of the powdered 


_ material in the crucible, and extract with 3 or 4 drops of ethanol, warming if necessary and replen- | 
ishing with ethanol as required. Addl drop of of — sulphide solution and then 0-5 ml of acetone 
ii sensitivity of the test was determined by progressively diluting a solution containing 


i 0 -06 g of sulphur in 100 ml of ethanol with ethanol. The lower limit of identification was 6 pg of 


sulphur, and the concentration limit was 1 in 30,000. 


Griimsteid, E., Z. anal. Chem., 1929, 77, 
2 Feigl, “Qualitative Analysis by Spot Tests: Inorganic and Organic . Applications,” Second 


Pate: English Edition, Elsevier Publishing Co. Ltd., Amsterdam and New Y ork, 1939, p. 210. 
Mellor, J. W., “A Comprehensive Treatise on and Theoretical Chemistry,” Longmans, 
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A COLOUR test fers amines hes bem as a observation made when 
attempting to detect alcohols with ammonium ceric nitrate reagent solution. Instead of the 
expected faint red colour, an intense blue- -black precipitate was obtained, and further tests revealed 
that the interfering substance was aniline. Although this interference has been reported,! it is 


: believed that use has not previously been made of this information to detect or identify aromatic 
i  Ceric salts, conveniently in the form of a solution of ammonium ceric nitrate in dilute nitric 
acid, can produce highly coloured oxidation products with aromatic amines dissolved in a variety § 
of organic solvents. _ In general, the colours change, often distinctively, when the reaction mixture 

is is warmed. i 4 he — appears to be of use for the characterisation of aromatic amines; 
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amines were » found respond to the reaction, ‘whereas 1 no or alicyclic 
amine or other eatin tenia compound tested gave any coloured product under the condi- 
__ The reproducible development of the colour, necessary for test purposes, is dependent on the 
relative amounts of solvent, ceric nitrate reagent and amine present. For routine ieeeiiiid 


satisfactory conditions are established by carrying out the he test as as described below. 
* Dissolve 0- 05 g of the free base or its approximate equivalent weight as an amine salt in — 
100 ml of acetone - water mixture (3 + 1 by volume). To 10 ml of this solution add 2 drops ~ 
: i. only ofa solution prepared by dissolving 10 g of ammonium ceric nitrate in 100 ml of 5 per cent. — 
itr acid. Mix, and note the colour. Warm the mixture in a water bath sae 30 seconds “ait 


to 1 minute, and the final colour, 


Table I shows ‘obtained un under ‘these experimental conditions for a a of 


Magenta 


2:5-Xylidine Magenta or violet-red Pale magenta 


$:4-Xylidine Very pale pink 


Very light brown 
p- -Aminobenzoic acid Palered ba fo Light brown 


ft 


= - Phenylenediamine Brown Pale browne 
p-Phenylenediamine Light olive-green _ Brown to purple 4 
NN-Dimethylaniline Golden yellow Yellowish green Pu 


the Diphenylamine Very deep purple Pale lilac a2} 
ti Very purple vt Violet- grey 


‘The test serves to distinguish aromatic amines from other nitrogen-containing compounds. — 

It can also be of use to characterise a particular amine, sometimes, when the test is not wholly any 
distinctive, in conjunction with some additional differentiating test. It may be of especial a 

_ for distinguishing between isomers (see, for example, the colour reactions of the three toluidines 
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___ | to show an enhancement of their natural yellow colour; N-acetyl- or N-benzoyl-derivatives oo a 
when aromatic amines do not respond. 
the The following nitrogen-containing compounds were tested and gave no reaction under the 

zaled conditions stated: methylamine, trimethylamine, triethylamine, n-butylamine, di-n-butylamine, 
it i | 
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_ THE DETERMINATION IN VINYL ESTERS OF MERCURY DERIVED FROM M MERCURIC 


‘THE manufacture of vinyl esters entails the use of mercuric acetate in catalytic ¢ amounts. The 
problem of determining residual amounts of mercury in the final product did not yield to a variety 
7 of techniques*”® and led to the development of a method of direct precipitation and determination 
- of the metal at levels of 1 to 100 p.p.m. in organic solution by means of hydrogen sulphide. — . ; 
‘The mercury determined in actual experiments was principally i in a complex form and not as 

mercuric acetate. The concentrations detected by the method were confirmed by emission FS° | 
- gpectroscopy down to a level of 15p.p.m. Flame photometry was als also used, but yoowed to be ¥ 
limited to concentrations of 200 p.p.m. of mercury or more. — 

_ The method was applied with equal success to the vinyl esters of butyric, valeric, caproic, 

caprylic, » pelargonic, capric, lauric, myristic, palmitic, stearic, arachidic, behenic and benzoic acids. 4 


In a three- necked round-t bottomed. ‘Litre flask, equipped with stirrer, condenser and gas- 
bubbler, place 15 ml of nitrobenzene, and thoroughly wet the walls of the flask. Add 250 g of 
sample (vinyl acetate or solution of higher esters), 6 ml of glacial acetic acid and 9 ml of 2N 
= acid, and then pass hydrogen sulphide through the solution with rapid stirring for 
45 minutes; 15 minutes through the cold solution (to fix organo-mercurials), 15 minutes while the 
- temperature is being raised to boiling-point on a water bath and, finally, 15 minutes through the | 

Stop the flow of gas, turn off the heating, add 250 ml of boiling ethanol containing 10 ml of [Wis 
_ nitrobenzene, and stir for a further 5 minutes. Stop the stirrer, dismantle the apparatus, and 4 
filter the solution through a tared No. 4 sintered-glass crucible as rapidly as possible at the pump. | 
af Wash the precipitate under gravity (a) with 80 to 100 ml of boiling ethanol to remove organic 

_ materials and sulphur, (b) with 40 to 50 ml of carbon ‘disulphide to remove ‘sulphur and (c) with 
Suck the precipitate dry, and complete the drying in an air-oven at 110° to 120° C to constant i THE 

weight. Bs Occasionally it is necessary to repeat the washing cycle before constant-weight conditions ["@Vé 
can be attained. The whole determination can usually be completed within 90 minutes es. ak: _ ‘fion 


aici i. _ Conventional coagulants for sulphide precipitates were found to be ineffectual, but ™ 
ada’ 


war sulphide; in in addition, it reduces the tendency for the precipitate. to adhere to the | glass. pur; 
The addition of boiling ethanol rendered soluble any colloidal sulphur present, thus pre- * 

_ 3. Acid conditions are required for complete | precipitation of the mercury; the proportions of | 
eouie and hydrochloric acids quoted were found to meet these requirements in these particular — Buc 

systems without introducing the difficulties that arise through non-homogeneity. 
mee 4. Blank tests on the vinyl acetate used for dilution « and control experiments: yielded zero a 
Control experiments on vinyl acetate containing 5 and 25 p. p.m. of ‘mercury 
"mercuric acetate) gave results of 5-5 and 5-0 and 25-0 and 24-5 p.p.m., respectively. Subsequent ; RE 
results have alw ays been to the nearest 1 p.p. m. 
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p-ethyl mercuric thiophenyl sulphonate were examined, but did not give a precipitate. 
@ 


The resatts in Table I were obtained ina sequence of 150 consecutive 


during the first 6 of 


RESULTS 


> sig of pairs in cury 


‘ 
rom thane it is ‘the method is is ‘paliable « and 
also has a considerable validity for mercury contents of the order of 1 to 10 p.p.m. : : 


ove g We thank the Directors of Vinyl Products Limited for permission to publish this Not an 
Harrison for his assistance with the experimental work, 
“Kien Products Limited, Brit. Pat. 827,718, 1960. thes poles ath 
Klein, A. K., J. Ass. Off. Agric. Chem., 1952,35,537. ¥ 
Abbott, D. C., and Johnson, E. I., Analyst, 1957, 82, 206. 
Beidas, A: ‘and Higgons, D. J., J. Sci. Food Agric., 1957, 8, 597. 
Polley, D., and Miller, V. L., Anal. Chem., 1955, 27, 1152. 


8. Balston, J. W. , and Talbot, B. E., ““A Guide to Filter Paper and Cellulose Powder 
Reeve Angel and Co. Ltd., London, 1952, pp. 120and 125.000 
- Parsons, R. J., Vinyl Products Ltd., ‘“‘The Estimation of Mercury i in 1 Vinyl Esters via Thermal 


Tue determination of small amounts zinc in indium ‘used for semi-conductor alloys been 


Buchner flasks (Quickfit & Quartz Ltd., Nos. CR32/20 z and CR3T/23, fitted with B24 es be 


polarograph with a Univector | attachment was used for the 
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and 
of indium by ammonia presence of ammonium chloride to leave Zinc Solution. DY 
Ne nrocedure, in spite of repeated re-precipitation of indium hydroxide, recoveries of zinc were in- — 
variably low; the use of sodium hydroxide instead of ammonia resulted in even lower recovery. 
roy __ Bishop and Liebmann’s' method for determining zinc in lead - tin alloys has been found to be | ‘ie 3 i ie 
t for adaptable to the determination of zinc in indium and also i vie a sc ae 
— 
(ea 
dium § Ferric chloride solution—Prepare a solution containing 1 mg of iron per ml, 

Bxtracting with a 0-01 per cent. solution of dithizone4 > 


H ydrochloric acid, diluted (1 + 1)—Mix equal volumes of dist lle water and and hydrochloric acid 
erchloric act 70 per cen 


n-Butyl alcohol - min mixture —Mix 960 ml of n- and 40 of | 
chloric acid diluted + 1). 


0-1 M in sodium spite and containing 0-005 
Determination of zinc in indium—Dissolve 1 g of sample in 20 ml of acid (l+ 
e and dilute the solution with water to 250 ml in a calibrated flask. By pipette, place an ace 
containing 10 to 50 yg of zinc in a small beaker, add 1 ml of ferric chloride solution, and evaporate 
to dryness on a water bath. Dissolve the residue in the minimum amount of hydrochloric acid, 
add 0-5 mi of n-butyl alcohol, transfer to a column of cellulose (approximately 6 inches deep and 
# inch in « diameter, previously washed with 100 ml of » -butyl a alcohol - hydrochloric acid mixture 
to remove any zinc), and elute with n-butyl alcohol - hydrochloric acid mixture. Continue elution 
until the yellow band due to iron has been completely eluted, when all the zinc will be in the eluate; 
approximately 100 ml of eluting mixture will be required. Transfer the eluate to a 150-ml beaker. 
Rinse the receiver with 15 ml of absolute ethanol and then with 7 ml of water, and add the rinsings 
to the main solution. — Evaporate ve combined solution to small volume, transfer to a 10-ml 


os Dissolve the residue in 5 drops of hydrochloric acid (1 + 1), and transfer the solution to a centrifuge 
- tube graduated at 5 and 10 ml. Make the solution slightly ammoniacal, dilute to 5 ml, and add 


_ 5 ml of base electrolyte solution. - Mix thoroughly, spin in a centrifuge, and decant the super- 
natant solution from the ferric hydroxide into a polarographic cell. — Record a polarogram between 


—— 0 and —1-5 volts against a mercury-pool anode, and determine zinc by reference to standard 


Determination n of zinc in nickel—Dissolve 0°5 § g of nickel in in hydrochloric a acid (1 + +1), add 10 mgy 

of cobalt, as cobalt chloride, and 1 ml of ferric chloride solution, and continue exactly as described 
‘awe _ Cobalt, during elution, follows iron down the column as a blue band and seems to act as 
sh a barrier to the nickel, which otherwise has a tendency to “trail.” ss 
When 50 yg of zinc were added to a portion of the base electrolyte solution, and a polenge 
was recorded with the instrument at half maximum sensitivity, the peak height was 40 mm. 
_ Eight solutions prepared from zinc-free nickel to which 50 yg of zinc had been added were treated 
by the proposed procedure; the peak heights f found were 40, 40, 39, 40, 39, 40, 39 and 41mm. A 

blank solution is normally subjected to the entire procedure with each batch of determinations} 


polarograms for such solutions usually show a peak about 3 to 4mm in height, this value being 


"Bishop, J. R., and H., Analyst, 1953, 78, 117 

_JouNson, Mattuey & Co. Lr. 
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FOR THE MICRO- DETERM ATION OF MOISTURE 


THE was for a simple apparatus for determining on ‘the micro scale; it had 
to be small enough to be easily transferred to and from a dry box, as most samples, when dry, are 
hygroscopic and electrostatic and need special handling. Dried samples are often so hygroscopic 
‘| that, in withdrawing the weighing bottle from an ordinary drying ‘“‘pistol,”’ they pick up moisture © 
before the bottle can be stoppered. _ For normal drying or determination of moisture on the ‘ 
macro scale, this small amount of moisture can be ignored, but on the micro scale it is 3 significant. 
This error must be overcome before an accurate determination can be made. __ £8 OBESE yo 
_ Moisture is normally removed from a sample in two ways. In one, dry nitrogen is passed 
over the sample, which is heated to a suitable temperature; in the other, the sample container, 
c acid, heated at the required temperature, is evacuated over phosphorus pentoxide. = 
beaker, 
insings§ 
, 10-ml 


aliquote 
Lporate 


made with 
crocodile 


4 


te Fig. 1. Apparatus used for micro-determination of moisture: (a) , complete tee oi 
a coated Pyrex-glass tube; (c) B29 socket fitted with tap; (d) 100-ml flask fitted with tap and Be 


socket; (e) stand; f)” double-ended bottle. Except where otherwise stated, all 


‘The apparatus is designed to be easily converted for either ‘method of drying. Use is made ae 


of: a Pyrex- = tube having an electrically conducting coating to obviate the necessity of na pg hae 


Mth shown | in Fig. 1 eye a 100-ml flask fitted with a tap and a pi socket, shown in Fig. 1 (d);_ 
and a stand consisting of a base-board, 12 inches x 4 inches x 4 inch, on which are fitted two 
uprights of Tufnol rod, inch in A Terry « clip (No. 81 is screwed to the top of each 


— 
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andar] | — 
= 
— 
— 
— 
— 
| —-' The complete assembly is shown in Fig. 1 (a) and consists of four parts: the coated tube fitted “>, ahaa 
— 

| 


_ The arrangement shown in Fig. 1 (c) is aia bis the sample is to be dried in a current of = pa 

_ nitrogen, and that shown in Fig. 1 (d) is used with phosphorus pentoxide in the flask when drying An 
- under vacuum. All joints are fitted with lugs so that they can be held together with springs. 

___ Electrical contact is made through Terry clips that fit over silver contacts on the tube, wires . 

4 being attached by means of crocodile clips. A sliding resistor is used to wy the temperature] = 

and is calibrated so that it can be pre-set to give any required temperature. ae ae 

_ The sample boat is contained in a double-ended weighing bottle, shown i in Fig. 1 (f), to allow, r 
See passage of gas during drying. _ The ‘eS: bottle is made with B7 joints so that thef _, 


mk Place a platinum boat, two weighing bottles (the lighter to act as a counterpoise) and the * 
drying apparatus in a dry box. Remove the stoppers from the weighing bottles, open the drying § The 
_ apparatus, and sweep dry air through the box for 10 minutes. Place the platinum boat in the heavier with 
+ weighing bottle, insert stoppers in both bottles, remove them to a microbalance, and allow to elect 
equilibrate for 15 minutes. Weigh the empty boat and the bottle together, and transfer to the # at th 
dry box, together with the counterpoise. _ Again sweep out the box for 10 ‘minutes. Place a expla 
small amount of sample in the platinum boat, and close the weighing bottle. Remove the two possi 

7 _ weighing bottles to the balance, and allow to stabilise for a further 15 minutes. Re-weigh, and coulc 
4 calculate the weight of the sample by difference. Again transfer the weighing bottles to the dryf 
= sweep out with dry air for 10 minutes, open the end of the apparatus, and remove the stoppers§ class 

_ from the bottle containing the sample. Place the open bottle in the coated tube, and close the an ce! 
—_— Leave the two stoppers and the counterpoise bottle (still sealed) in the dry box,} the ; 
remove the apparatus, and connect it to the electricity and vacuum or nitrogen supplies, as shown} fact: 
in Fig. 1 (a). Dry the sample : for 14 hours (to constant weight), , switch off the current, close the] ever 
=. 4 taps, and disconnect the services. Return the apparatus to the dry box, sweep dry air through “the 
the box for 10 minutes, and allow the apparatus to cool for 1 hour. Admit air into the apparatus oils, 
by opening the tap at one end and allowing air to pass through a ‘small Whatman No. 50 filter- = 
paper placed against the inlet tube. This is particularly necessary when drying has been under tefr: 
vacuum, since it prevents an inrush of air from blowing any of the sample out of the weighing bottle and 
_ and also indicates when the pressure in the apparatus has reached atmospheric, as the filter-paper§ revi 
_ then drops from the end of the tube. 7 ope the apparatus, withdraw the weighing bottle comtaining adv 
- the sample, and insert the stoppers. Remove both weighing bottles to the balance, allow to sup 
equilibrate for 15 minutes, and re-weigh. Calculate the loss in weight and hence the percentage} 


of moisture in the a ere ” is necessary to check the balance zero after each weighing to attain] the 
> ke. af 


at The aousiiii inherent in the use of an ordinary drying “pistol’’ have been overcome - 


by designing an apparatus that can be easily placed in a dry box, so that the sample can be loaded of 1 
and unloaded in dry air. It is desirable that there should be a free flow of gas over the sample oe 
during drying; this cannot be obtained with a single-ended weighing bottle. However, if the thi 
platinum boat is placed in the apparatus directly, it is found that, on withdrawal after drying, there } kn: 
is a grave risk of sample being lost by ‘‘jumping”’ on to the sides of the apparatus (owing to electro-] 
static attraction). This has been overcome by using a double-ended weighing bottle, which permits ” 
the sample to be left in the weighing bottle and yet allows free flow of gas over it. When the Cr 
_ weighing bottle is withdrawn from the apparatus, any electrostatic “jumping” occurs only onj 
a to the walls of the the weighing bottle bottle, and the weight of the ngs & is not affected. bees: 


' CHEMICAL DEFENCE EXPERIMENTAL ESTABLISHMENT C, Thomas 
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ef ORGANOSILICON COMPOUNDS. By Cc, EABORN, Ph. D., Ds 


An understanding of the chemistry of compounds i is necessary to their 4 
; fortunate that a compact and comprehensive survey of our present knowledge in this field is 
now available. This book should be of value to the prospective research student in organosilicon — 
chemistry and to those involved in industrial applications of organosilicon ‘compounds. pets geil = 
nd thef The contents n “may be conveniently considered in three parts for the purpose of a review. 
drying § The first deals essentially with the formation and reaction of silicon and carbon bonds, together — 
heavier§ with certain aspects of organosilicon chemistry, such as the stereochemistry of quadrivalent silicon, = 
low to electronegativities, ionic of bonds and bond energies. ‘The of substitution , 


Place a explain the possible mechanism of substitution is appropriate and vralie-wn the picture of the 
he twoff possible mode of mechanism to mind very well. However, the choice of explanatory words 6 

rhe dry The second gives an exhaustive treatment of the and of 
toppers 


the author’s own saga ‘it is impossible for someone outside the oe industry to know the fall or 
; shown facts about the manufacture and composition of silicone products.” | This short account is, how- 


hrough 
paratus 


“they are valuable for use in contact with solvents.” — _ This cannot be so, since the methyl silicone — “ ay 
oils, which constitute the bulk of the grease, are soluble in a range of ec, Rte ORS Say TE 

) filter- a“ The third part deals with some ; aspects of their physical properties, ‘such as density, molar 
1 under} refraction and molecular spectrum. _ Tables of group and bond refractions, ultra- violet, infra- ‘red 
g bottle# and Raman spectral data are included. A few pages are devoted to analysis; this i essentially a a hors 


r-paperfl review of published analytical methods, and little comment is made on the advantages or dis- 


taining] advantages of the various methods. _ The ‘usefulness 0 of these pages is limited to the references ae 

= There is, however, a good deal of wiclenateily wil analytical information in other parts of — 
) attain} the book, and some of the methods of cleavage have been used to carry out qualitative analysis on _ ates 
unknowns, ¢.g., page 126 refers to the digestion of organosilicon compounds with sulphuric acid 


and identification of the evolved | gases as a Proposed means of identifying groups | attached to 


All the bibliographies in this book are good and comprehensive, so that, apart fr from the value” 
loaded} of the articles themselves, they provide an invaluable source of references. 


we 


4 there| knowledge of organosilicon chemistry. _ 


CHROMATOGRAPHIE EN CHIMIE ORGANIQUE ET BIOLOGIQUE. Vorume I. GENERALITES ; APPLI- 
CATIONS EN CHIMIE ORGANIQUE. Edited by E. LEDERER. Pp. xiv +6 671. Paris: Masson 
et Cie. 1959. Price (paper) 90 NF.; (cloth boards) 100 NF. nol 


The declared aim of this book i is ‘to put at the disposal of chemists a complete text that vations 
inal to do the greater part of chromatography without consulting the original texts. It cannot 
be said to have achieved this aim, if only because i in such a rapidly advancing subject a text- book 
is almost inevitably out of date when published. The bibliographies are excellent up to 1956, but 
references for 1957 are few, and still fewer are later. This is particularly unfortunate with gas 
chromatography in that the modern highly sensitive detectors and capillary columns are not 
mentioned and McWilliam, Lovelock, and Golay do not occur in the author index. Pte 64 1's 
_ The first part of the book is devoted to separate sections on absorbtion, ion-exchange, partition 


and paper and radio-isotopic techniques by different authors. 
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Ti 


at is 
discussed, but no adequate discussion of counting errors is given, and cairo precautions are ‘not after § 


_- The second part of the book deals with the separation by any appropriate chromatographic 
P y any approp grap 

es of various groups of compounds, hydrocarbons, mono and polyhydric alcohols, phenols, 

aldehydes, ketones, acids, nitro compounds, volatile amines, alkaloids, halogen 

synthetic dyestuffs and stereoisomers. It is a little surprising that hydrocarbons have only 2 

_ pages, compared with 47 for acids. _ The last article, on 1 stereoisomers, assembles a large am amount 


CHROMATOGRAPHIE ‘EN CHIMIE ORGANIQUE ET RIOLOGIQUE. VotumE II. APPLICATIONS EN been 

_- CHIMTE BIOLOGIQUE. _ Edited by E. LepErer. Pp. xvi + 876. Paris: Masson et Cie. ffor fu 


iolet 


This volume is the second part ofa "monograph on chromatography, under the editorship of 


_ E. Lederer. The first part, published in 1959, treated the theory of chromatography and its} — 
applications in organic chemistry. This part deals with its applications to biological chemistry. analy 
In the preface, the editor gives as his aim the presentation of chromatographic procedures in suffi- - 
cient detail and with special selection of really effective methods to enable the chemist ‘‘to carry] 
out chromatography without consulting the original literature.”” This should perhaps : not betakeni 
too literally, especially in view of the excellent bibliographies t throughout the book. The editor TxI0 
has certainly achieved production of a well on the 

iyi The book is arranged. according to the various groups s of natural products, and each iain’ i 
_ by a specialist in this field. Each writer has selected the well established methods and describes reag 
them i in detail, mentioning only briefly the historical aspect of hissubject. == the 
_ Adsorption chromatography, ion-exchange techniques and partition chromatography 

* | described, in this order, in each chapter, both for column and paper chromatography. — Methods of sulpl 
detection and identification follow. This arrangement makes for clarity of deacription and permits f are | 

reader to find rapidly the method best suited to his purpose. 

The literature is covered up to 1957 and several addenda bring the ; subject matter up to 1958. heav 
.* the first t chapter, on sugars, R. Dedonder describes adsorption on charcoal, Partition of § with 


--sugar derivatives on silica gel and the chromatography of sugars on powdered cellulose and on} 
_ paper. A welcome feature in this part, as well as of the following chapters, is the inclusion of} Chey 
_ humerous tables giving Ry, values or retention values under well defined conditions, colour reactions, f fulle 
etc. These tables will be a great help for the identification of unknown substances and for they | 


4 selection ofanalytical methods, 7 


Phosphoric esters are described by J. Montreuil, and sulphur compounds by PR Promagott. 


Int the chapter on sterols and steroids, by R. Neher, the connection between structure and R, value 
is brought out well. _ The chapter on lipids, by J. Asselineau, shows the complexity of the subject 

4 and the need for much further work. M. Juticz describes amino alcohols in a short chapter, and | q 
amino acids and peptides, followed by proteins, in some well w written chapters that do justice tof p, , 

the amount and quality of work accomplished in this field. 

onan Among the subsequent chapters, that by P. Boulanger and J. Montreuil, on nucleic acids and| 
their products of varying degrees of degradation, should be mentioned for its wealth of detail. 

Shorter chapters on pigments, fat- and water-soluble vitamins, growth factors, protein hormones q * 
and antibiotics follow. Some of these aap suffer from the attempt to group together com- Sry 

P pounds according to biological function, irrespective of their widely different chemical natures. % q 


_ The book, in spite of its high price, can be warmly recommended, as it will be a great help ¢ to 


aa w ho wishes to! find his his way quickly to u to up-to-date chromatographic ‘methods. — wai Bae 


-_ 


would seem much simpler if a c e different articles had beenffvsTRU 
aia - _ adopted and if, indeed, a more critical approach had Deen used. Ihe section on partition and pap 
ia 4 Se chromatography is perhaps the best and comes nearest to meeting the declared aims. In the io 
? se : J __ exchange section, Moore and Stein’s work on amino acid separation is not discussed at all and th 
€ffects of cross-linking are discussed in a third of a page. The section on radio-isotopic techniav 
— 
— 
+4 
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INSTRUMENTAL METHODS OF ANALYSIS. GaLten W. Ewinc. Second 
. viii + 454. New York, Toronto and London: McGraw- Hill k C 
This book is likely to be useful to all those teachers now engaged in the teaching of instru- — 
mental methods of analysis in universities and technical colleges in this country. _ The level aimed 
at is roughly that of the undergraduate in his final year, or possibly the wine in hi 


0 


‘coulometric and methods, mi etry, 


Each chapter appears to follow the same general pattern, the important analytical 
are first described, with sufficient theory for their i“ understanding, after which the most _ Ly 
useful features of the requisite apparatus are detailed. _ The limitations of the various tests are pal 


been exceedin gly well selected. . Some | excellent problems a are in included, as well as useful ‘reference 


-[to understand a great deal of the textual matter. 


nd its§ Although this book is primarily for the student, it ought to find a , place on the shelves of the 
nistry. analytical chemist’ s library, and particularly of those chemists who realise how much we owe a to 


a suffi- 


THIOACETAMIDE AS A SULFIDE PRECIPITANT: AN ANNOTATED Compiled by w. 


ee and A. J. BARNARD, jun. — - ii + 10. ae Jersey, U.S.A.: J. T. Baker Chemical 


The chronological arrangement of these references reflects the rapid growth of interest in this i 

ibes reagent. Only five out of a total of eighty-seven are dated before 1950. Two, dated bring 

the compilation as nearly up to date as can reasonably be expected. = re eee 
_ Thioacetamide is not only a convenient substitute, in some circumstances, sic hydrogen 
sulphide, but offers the advantages of precipitation in homogeneous solution, ‘since sulphide ions 


are generated by hydrolysis of the reagent. _ Reactions with some twenty metals have been in- a oe 


| _ A welcome feature of the bibliography is the inclusion, ‘eid iad ‘items, of references saat 
Chemical Abstracts and Analytical Abstracts. These will permit the reader to satisfy the desire fo 
fuller information that the short notes will certainly create. 


a This is a valuable compilation attractively presented. 


ante ‘metals in pharmaceutical preparations. 


Trramxratc Anazysis. 


133. London: Butterworths Scientific Publications, 1960. Price 12s, 6d. 
r com- STYLE GuIDE For CHEMISTS. By Louis F. Freser and Mary FIESER. Pp + 
tures. $3.00; Publishing Corporation ; London: & Hall Ltd 
REPORT 1950- 60. Pp. 282. British Standards Institution. Pric 
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PUBLICATIO} 
THE RADIOCHEMISTRY OF ZIRCONIUM AND HarFnium. By ELtis P. Pp. vi + 
ai Washington, D.C. .: National Academy of S Sciences—National Research Council. il. 1960 
Nuclear Science Series: NAS-NS-3011 Be 7 


Leap Isotopes 1n GEoLoGy. By R. D. Russett and R. M. FARQUHAR. | Pp. viii + 243. 
York and London: Interscience Publishers Inc. 1960. Price $9. 00; 65s. 


PRINCIPLES OF SCIENCE. By Vanstoxe, D. Se., 1 Sc., F. R. I. C., and Bristow M. 
Doueart, M.Sc. Agric., ARL C., F.G.S. Pp. 238. London: Cleaver-Hume Press Ltd, 

Fats 4 AND OILs: AN | OF THEIR CHEMISTRY AND TECHNOLOGY. _ By H. G. 


) IssuE, 619, Fig. 1. Replace lower part of figure ‘Side view’ 


pos 


aves 


— ‘Tbid., p. 619, 3rd line of text under Fig. 1. After “splash-head’ ” imsert “, which incorporates a 

Reprints: of Review Papers 

‘THe Society’ s stock of reprints of the Review Paper “The Determination of Vitamin Bis, by 
Ww. HL C. Shaw and Christine J. Bessell (June, 1960) has now been exhausted. | 
7 = _ Reprints of all the other Review Papers (listed on p. 696 last are are still available at 


for “dimensions” read id “outside | diameter” ; omit “wall”; for inches 
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